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COLORADO RIVER CANYON 
In such formations will be placed the dams of the Colorado River Project. 
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Du Pont Products Exhibit 


Atlantic City, N. J. 


per dollar 


HE DU PONT COMPANY leads the way in the pro- 
duction of more efficient and more economical explosives. 
In Dumorite, its latest achievement, it has made possible 


a great step in the reduction 
-: s1::.0f explosive costs 
Digthorité is a-how mghey-saving dynamite which gives you over 
14 more wosk:for your’ adéllar—a guncotton-nitroglycerin dyna- 
Faite. without,.4 headache—a non-freezing dynamite which can 
He used successfully at any temperature. 
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Dumorite has, approximately the same strength as 40% dyna- 
mite.arid des the same work, stick for stick. And you can buy 
135 to’ [40 stitky of-SDumorite at the same price as 100 sticks 
of 40%. 

Ask the Du Pont Explosives Service Department through our 
nearest branch office how Dumorite can be used in your work. 
Ask that question in a letter outlining your requirements. Find 
out how this new development in explosives manufacture can 
cut your blasting costs for 1922. 


E. I. du Pont de Nemours & Co., Inc. 


Explosives Department, Sales Division 


Wilmington, Delaware 
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THE KREMLIN, MOSCOW 


Most of the famous buildings of the world 
are equipped with Otis Elevators 


Tiss KREMLIN is the citadel of Moscow. The walls of the triangular enclosure 
were built in the year that Columbus discovered America. Much of the history of Russia 
—a dark tale of intrigue, mystery and bloodshed—was enacted in the Kremlin buildings. 


The present Great Palace dates back only to Napoleon’s day, for his soldiers burned 
the old palace. ‘There are two Otis Automatic Push Button Elevators in the Great 
Palace. There is another Ctis Elevator in the Nicholas Palace. 

This is significant of the world-wide scope of Otis activities. From the first crude 
hydraulic elevators to the modern miracle of automatic vertical transportation, Otis has led 
the way and even now is continually developing new and better methods and machinery. 


4-2 B&B LEV & Fee COM PANY 
Offices in all Principal Cities of the World 


The WORLDS WORD for 
ELEVATOR SAFETY 
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Remixes Concrete 


When materials have passed through mixing process 
once, and come to discharging side of the drum, 
the reversed discharye chute sprays them back to 
the charging side for repeated trips through the 5- 
action, remixing process. This spraying-showering 
action, at the same time prevents separation of aggre- 
gate according to size. To the last shovelful of every 
batch, Koehring-mixed concrete is uniform, re-mixed 
concrete—dominant strength concrete—and to every 
last casting and bearing, the Koehring is the heavy 
duty mixer of trouble-proof, long service life. 


Capacities 
Construction Mixers: 10, 14, 21, 28 cu. ft. mixed concrete. 
Write for Catalog C 
Pavers: 7, 10, 14, 21, 32 cu. ft. mixed concrete. Write for 
Catalog P 22 - (1) Blade cuts through materials with 
Dandie: Light mixer, 4 and7 cu. ft. mixed concrete; power churning action. (2) Blade cafries ma- 
charging skip, or low charging platform. Light duty terials up, spilling down again against 
hoist. Write for Catalog D 22 motion of drum. (3) Materials hurled 
across diameter ofdrum. (4) Materials 
elevated to drum topand cascaded down 
K O E. Ke Re : N G e O M PA N Y to reversed discharge chute which (5), 
with scattering, spraying action, show- 
MiLWAU KEE WISCONSIN ers materials back to charging side for 
repeated trips through mixing process. 
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The Organic Chemical 
Industry 







HIS industry, in the light of modern 
developments, has become essential 
to the industrial life of this country, and 
it is on chemical research that nine-tenths 







of our commercial enterprises depend for 


their existence and progress. 











The National Aniline & Chemical Com- 
pany, Ine. has been a pioneer and leader 
in this work, and is today the first and 







largest manufacturer of coal-tar dyes in 
the United States. 
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THE NEW AIRPLANE LAUNCHING CATAPULT 


By COMMANDER GEORGE C. WESTERVELT, ’08 





Manager Naval Aircraft Factory, Philadelphia, Pa. 


Those responsible for the development 
of Naval aviation have long recognized 
the desirability of a device for launching 
airplanes from ships. With such a de- 
vice planes could be flown under weather 
conditions too severe for a take-off from 
the surface of the water, and without 
stopping or slowing the ship. The need 
for such a device has grown more ur- 
gent recently because of the development 
in bombing and the inability of anti-air- 
craft gun fire to protect a ship, or fleet 
of ships, from squadrons of bombing 
planes. This problem of protection can 
best be solved by the use of combat 
planes sent up from the fleet itself. The 
catapult has been designed to facilitate 
the launching of combat planes from the 
various vessels of the fleet for fighting 
the chasse planes, or the less maneuver- 
able bombing and torpedo planes, of the 
enemy. 

The idea of the catapult is not new. 
The Wright brothers used one for launch- 
ing their experimental gliders, a falling 
weight furnishing the necessary power. 
In the U. S. Navy, this idea has been de- 
veloped into a practical device for instal- 
lation aboard ship. The first one was 
tried out at Annapolis, Maryland, in 1912, 
by Lieutenant Commander Ellyson. It 
was purely experimental, and the various 
essential parts were all in their prelim- 
inary stages. Notwithstanding its com- 
parative crudity, it was successful, and 
the mechanical parts were later installed 
on the quarter deck of the North Caro- 
lina. Captain Mustin was the first to 
use this device from a ship underway. 
The success of these experiments led to 
the construction of a larger catapult, 
which was also installed on the quarter 
deck of the North Carolina. The track 
extended aft, from a point forward of the 
after turret, to a short distance beyond 
the stern of the vessel. Later two other 
similar catapults were built and installed 
on other cruisers. This long structure 
had the disadvantage of interfering with 
the gun fire from the after turrets, and as 
maximum gun fire was at that time con- 
sidered more important than the launch- 
ing of planes, the catapults were removed 
from all the cruisers on which they had 
been installed when the vessels went 
into war convoy duty; but the feasibility 
of launching a plane from the deck of a 
ship had been proven beyond question. 

It was recently decided to attempt to 
develop a catapult which would avoid 
blanketing any of the guns on a ship. In 
order to do this it was necessary to keep 
the overall dimensions down to a mini- 
mum, and this in turn made it possible 
to mount the structure on a turntable 
base, creating the additional possibility 
of shooting the airplane into the appa- 





rent wind without the undesirable neces- 
sity of maneuvering the vessel. To meet 
these conditions, the catapult, illustrated 
in the photographs, was designed, built, 
and tested at the Philadelphia Navy Yard 
under the direct supervision of Com- 
mander H. C. Richardson, the Chief En- 
gineer of the Naval Aircraft Factory, ana 
his assistant, Lieutenant W. M. Fellers. 

It consists essentially of a ring-like 
foundation which forms the track on 
which the structure may be turned; a 
central section which houses the com- 
pressed air engine and the rollers; and 
two overhanging end sections. The af- 
ter end section contains a tripping mech- 
anism which automatically releases the 
launching car when the proper condi- 
tions have been obtained; and the for- 
ward end houses a brake which slows 
down and stops the launching car after 
the accelerated part of the run has been 
completed. This keeps the launching 
car from going overboard and makes it 
possible to use the same car over and 
over again, which, of course, is a desir- 
able feature. The car itself is a very 
light structure, mounted on four sled-like 
castings, which slide along the track and 


passes over a sheave and comes back 
and under the track to the engine, the 
prime mover which furnishes the power 
necessary for acceleration. The whole 
mechanism is self-contained and very 
compact. 

The operation of the catapult is ‘simple. 
The plane to be launched is first secured 
to the launching car, which is then 
brought back to “battery” position and 
latched in place by the launching car re- 
lease mechanism. To prevent a sudden 
jerk at the beginning of the operation, 
compressed air is allowed to enter the 
main operating cylinder until the prede- 
termined pressure has been reached. 
This stretches out the cable and takes 
out all of the slack in the mechanism. 
The launching car release mechanism 
then operates automatically and allows 
the car to start down the track under the 
influence of the tension in the rope and 
the compressed air already in the oper- 
ating cylinder: Additional air is allowed 
to enter the operating cylinder until the 
launching car is about to enter the brake, 
then the supply of air is cut off and 
that already in the operating cylinder is 
allowed to exhaust into the atmosphere. 





PLANE LEAVING TURNTABLE CATAPULT 
The steel cable which accelerates the launching car can be plainly seen. 


restrain the motion of the car in every 
direction except longitudinally. It also 
carries a cradle which fits the bottom of 
the plane to be launched, and the neces- 
sary tripping mechanism for releasing 
the airplane from the launching car just 
as the accelerated run ceases and before 
the launching car enters the brake mech- 
anism. The launching car is accelerated 
by means of a steel cable which acts as 
a tow-line. One end of this cable is fas- 
tened to the car and extends from it to 
the forward end of the structure, where it 
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The airplane release tripping mechanism 
then operates, also automatically, and 
the airplane is free to move with relation 
to the launching car under the influence 
of its own inertia and the pull of the 
motor, which has been running full speed 
since the “get ready” signal was given. 
The motion of the airplane with respect 
to the launching car is practically zero 
until the iaunching car enters the brake 
and begins to slow down. The car is 
then quickly brought to a stop, but the 
(Continued on Page 17) 








AUTOMATIC TRAIN CONTROL 


By CHARLES W. BURROWS 






M-V All-Weather Train Controller Co., Inc., New York, N. Y. 


The present system of automatic sig- 
nalling has been developed to a very high 
degree of perfection; likewise, the con- 
trol of the train by means of the present 
air brake system is all that could be de- 
sired. In other words, the wayside sig: 
nals are as nearly perfect as human inge- 
nuity and mechanical skill can make 
them, and the train mechanism has an 
equal degree of perfection. The weak 
link is the human element, most of the 
collisions on railroads are due to the fail- 
ure of the engineer to obey signals. The 
work of the engineer is strenuous and at 
times nerve racking, his hours of duty 
are frequently long, and his attention 
must be concentrated upon the wayside 
signals, as well as upon any train orders 
which may be in his possession. The en- 
gineer, like other men, is subject to fa- 
tigue and weariness, illness and sudden 
death. Automatic train control has been 
proposed to compel obedience to the indi- 
cations of the wayside signal and to meet 
the exigencies arising when the engineer, 
for any reason whatsoever, fails to oper- 
ate his train in accordance with instruc- 
tions. 


In the present stage of development of 
automatic train control the problem is 
to regulate the train in accordance with 
the indications of the wayside signals; 
such control, however, must not be ef- 
fective as long as the engineer is alert 
and performing his duty. Inventors of 
automatic train control methods must 
keep their hands off the present block 
system of signalling and the present air 
brake system. Competent engineers have 
been working upon these latter problems 
for many years, and any further develop- 
ments along these lines must come from 
them. Automatic train control, therefore, 
has its specified field of activity in which 
it may work and to which it must confine 
itself. 


The system of automatic train control, 
developed by the M-V All Weather Train 
Controller Company, Inc., of Newark, N. 
J., is of the intermittent magnetic induc- 
tion type, employing two electro-magnets 
in the track, a speed governor, a brake 
control, resetting device, and cab signals, 
together with the necessary auxiliary 
equipment such as transformers, batter- 
ies, wiring, and conduits. 

The track elements consist of two nor- 
mally de-energized electro-magnets of the 
horse shoe type controlled by the opera- 
tion of an established automatic block 
signal system. They are installed be- 


tween the ties with the yoke parallel to 
the rails and the upper surface of the 
pole pieces flush with the top of the ties. 
One of these magnets is located at the en- 
trance of a block, and the other magnet is 
located near the middle of the block. 





They are connected in series, and control 
through front and back contacts of track 
relays the “caution” and “stop” elements 
of the engine apparatus in conformity 
with indications of wayside signals. If 
the block in advance is clear, the electro- 
magnet at the entrance of the block to 
be occupied is energized, and an impulse 
is picked up by the engine receiving coil 
which resets a portion of the brake con- 
trol apparatus, and no automatic brake 
application takes place. The _ electro- 
magnet is energized by a current from 
the pole line passing through the front 
contact of the track relay of the block in 





A DETAILED VIEW OF THE CAB 
MECHANISM 


Showing clutch magnet, governor, 


and control valves. 


cams, 


advance and through a back contact of 
the track relay of the block just entered 
by the train. If the block in advance of 
the block just entered by the approach- 
ing train is occupied, the track relay for 
the advance block is de-energized, and 
both track magnets in rear of the occu- 
pied block are de-energized. Thus, when 
the train enters the block in rear of the 
occupied block, the first track magnet 
encountered being dead, no impulse is 
transmitted to the engine receiving coil, 
but if the speed is above a predetermined 
“caution” rate, a light service reduction 
is made by a device which operates until 
the speed is reduced to the “caution” 
rate, at which time this service reduction 
ceases, and the brakes are released. If 
the block in advance is still occupied 
when the train reaches the second track 
magnet, located near the middle of the 
block, this magnet also will be dead, and 
a full service application of the brakes 
will occur at that point to stop the train 
before reaching the entrance of the oc- 
cupied block. Means are provided so 
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that the engineer may, by operating a 
key, prevent an automatic brake applica- 
tion at a dead track magnet, provided 
the speed is below the “caution” rate. 

When the receiving coil, mounted at 
the middle of a laminated steel bar on 
the locomotive, passes through the field 
of the track magnets, a current is in- 
duced in it. A special, quick-action, stick 
relay is connected to the receiving coil 
and controls the circuit which operates 
the clutch magnets. The clutch magnets 
release the air valves operating cams 
when they are energized. 


There are two air valve operating cams 
mounted loosely upon a shaft which is 
continuously rotated by means of a me- 
chanical connection with the engine axle. 
The cams are driven clockwise by a 
geared member normally engaged by a 
clutch keyed to the driven shaft and 
free to move in a vertical plane. When 
the clutch magnet is energized, the clutch 
moves upward, and becomes disengaged 
from the driven shaft and from the 
geared member of the cams. A helical 
spring returns the cams to normal posi- 
tion with counter-clockwise motion. 
When the clutch magnet is de-energized, 
the clutch member drops by gravity and 
engages the geared cam. This in turn is 
engaged by the driven shaft so that the 
same cams are again rotated clockwise, 
beginning another cycle of operations. 

The speed governor is also driven by 
the engine axle. It controls two systems 
of air valves, one for action between “cau- 
tion” speed and the maximum speed, and 
the second for action when maximum 
speed is exceeded. Each of these valve 
systems consists of two valves mounted 
on the same stem. One of these valves 
controls the connection between the 
main reservoir and the train pipe, and 
operates to close this connection when a 
specified speed is exceeded. The other 
valve on the same stem controls the con- 
nection between the equalizing reservoir 
and the atmosphere through a suitable 
reducing valve, which reduces the pres- 
sure in the equalizing reservoir when a 
specified speed is exceeded. 


The M-V System of automatic train 
control has ten specific functions. They 
indicate the conditions of the track ahead 
and control the speed of the train in 
accordance with these indications. Cer- 
tain additional controls are at the dis- 
posal of the train dispatcher and engin- 
eer-in-charge. 

If a track is clear, the track magnet 
at the entrance of a block is energized 
during the time the train is passing over 
it. This condition is indicated in the cab 
by a green light. The air brake system 
under this condition is under absolute 
control of the engineer through the en- 
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gine valve. This clear indication persists 
until the next track magnet is reached. 

As long as the clear indication exists in 
the cab, the train may proceed at normal 
speed. If normal speed is exceeded an 
automatic application of the air is made, 
which continues as long as the speed is 
excessive; otherwise the full control lies 
in the hands of the engineer. 

In case the track is not clear and indi- 
cation of this fact is given at the moment 
the train enters the block preceding the 
obstruction, the green light, which indi- 
cates the clear condition, goes out, and a 
yellow light, indicating “caution,” takes 
its place. This “caution” signal remains 
illuminated until the train reaches the 
next track magnet. 

If the engineer is alert and reduces the 
speed of his train to the “caution” speed 
the automatic system exerts no control 
over the brakes. If, however, the engin- 
eer is not alert and his train is not re- 
duced to the proper cautionary speed, 
the automatic control applies the brakes 
until the speed is reduced. All brakes 
are then released and no further influ- 
ence is exerted by the automatic system 
as long as this speed is not exceeded. If, 
however, the engineer attempts to exceed 
this speed, the brakes are applied a sec- 
ond time, and the train is once more 
slowed down. In other words, when the 
train is controlled for ‘‘caution” speed, it 
is impossible for the engineer to exceed 
this value. 

The automatic application for the re- 
duction to cautionary speed takes place 
some distance beyond the point where 
the “caution” indication appears. The 
purpose of this is to permit an alert en- 
gineer to control his train without inter- 
ference of the automatic system. 

As indicated above, an obstruction in a 
block results in a de-energized magnet at 
the entrance of the preceding block. A 
train passing over this de-energized mag- 
net is given a “caution” indication and 
subsequently reduced to a cautionary 
speed. A second track magnet, placed at 
a distance from the end of the block 
somewhat in excess of braking distance 
will be energized as soon as the obstruc- 
tion has advanced out of the block ahead. 
If such obstruction has been removed, the 
yellow light (caution) goes out, and the 
green lamp (clear) takes its place, indi- 
cating that the train may proceed under 
normal speed. If, however, the obstruc- 
tion has not been removed, the yellow 
“caution” indication is replaced by a red 
danger light which indicates that the 
block ahead is still obstructed, and that 
in a few moments the brakes will be ap- 
plied automatically and the train brought 
to a full stop. 

If the engineer is alert and takes im- 
mediate steps to bring his train to a stop, 
the automatic control exerts no influence. 
If, however, he is not alert, the automatic 
system takes full control, produces a ser- 
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vice application of the air, and brings 
the train to a full stop. 

It is not always desirable to bring the 
train to a full stop even when the block 
ahead may be obstructed. In the case 
of a stalled engine, it may be desirable 
to advance cautiously up to it in order 
to push it out of the way. In order to 
take care of such emergencies as this, 
a key is provided. By pressing this key, 
an alert engineer may prevent full ser- 
vice application of the brakes. The key 
must be pressed promptly after the ap- 
pearance of the danger signal in the cab, 
for if the engineer neglects to act until 





a subsequent time, the train dispatcher 
or other proper authority releases the 
mechanism and places the automatic 
equipment in operation. 

It may happen that the train dispatch- 
er desires to render the automatic equip- 
ment inoperative for the interval during 
which the locomotive is passing over 
track not equipped with the automatic 
apparatus. He wishes, however, to have 
the cab equipment automatically restored 
to operation upon return of the locomo- 
tive to properly equipped track. For this 
contingency the cutout is not locked in 
place and is, furthermore, equipped so 





THE CAB MECHANISM MOUNTED ON AN ENGINE 


This mounting is for experimental purposes only. 


It is covered and placed in the cab. 


Mr. Minnick, the inventor, is leaning over the casing. 


the brakes are applied automatically, this 
emergency key is not operative, and the 
engineer has no further control of the 
train until it is brought to a full stop. 

For the purpose of restarting another 
key is provided, which places the air sys- 
tem in the control of the engineer to such 
an extent that he may proceed at “cau- 
tion” speed urtil the next track magnet 
is reached. If the track is clear, indica- 
tion to *:oceed at full speed is given by 
the automatic apparatus, and the auto- 
matic system is again in full operation. 
If the track is not clear, the engineer has 
the same control of the train as in the 
usual “caution” condition. 

At times a locomotive may be in ser- 
vice on a foreign line or upon portions 
of track which are not equipped for 
automatic train control. For such emer- 
gencies it is necessary that means be pro- 
vided for rendering the automatic appa- 
ratus inoperative; so for this purpose a 
cutout switch is provided. This switch 
is for the use of the train dispatchers 
and when thrown into the cutout posi- 
tion may be locked: in place. The equip- 
ment is therefore inoperative, until, at 


that it is automatically thrown into opera- 
tion again upon passing over an ener- 
gized track magnet. 

The complete system of the Raritan 
River Railroad is being equipped with 
the M-V Automatic Train Control. The 
first public demonstration was made near 
Parlin, New Jersey, four miles west of 
South Amboy, on December 15, 1921. A 
Baldwin locomotive and five standard 
coaches were used in this demonstration, 
and five tests were carried out satisfac- 
torily. In every case the train was 
brought to a complete stop when an ob- 
struction existed on the track, and passed 
on without interruption when the track 
was clear. These stops were made with 
the throttle wide open and a full boiler 
pressure of one hundred and eighty 
pounds. 


The Application of the Principles of 
Scientific Management to the Office, Bul- 
letin of the Taylor Society, February, 
1922. A detailed discussion of how office 
work can best be systematized and stan- 
dardized. 
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After the Institute, what? Have you 
thought of that subject really seriously, 
or are you only drifting? I assume that 
you would not be here if you did not have 
ambition; but what is your ambition? 
Are you lookihg forward to burning your 
books and finding a job that will pay you 
as much as possible? Are you planning 
to follow your father and “go him one 
better”? Are you out for adventure; or 
have you watched the world’s leaders, 
the workers of the race, and planned your 
campaign along definite lines to broaden 
your vision, your experience, and in- 
crease your ultimate value by work 
which will count in those directions, 
rather than simply in the direction of 
increased income; by study of books and 
current, literature; by contact with big- 
ger minds; and by observation and com- 
parative analysis of your work and that 
of others about you. You cannot float for 
long. It is either a case of sink or swim. 
If you try to float the lack of exercis2 
will let the water chill you. You will get 
the cramp and sink. If you swim, will 
you be content to paddle around, or will 
you race your competitor? 


The field is a broad and attractive one. 
If you have any strong bent and are wise, 
you will follow your vent. Broadly speak- 
ing, there lie open to you, professional, 
administrative, and operating work with 
existing enterprises; purely professional 
work; teaching and editorial work; and 
invention. 

Your first decision will be as to wheth- 
er the professional, or commercial and 
administrative side of the problem inter- 
ests you most. Both are attractive and 
afford equal opportunities. It is essen- 
tially a question of preference, though 
your preference may be limited by oppor- 
tunity. In the first you deal with sci- 
ence; in the second, with men. If you 
select the professional field; then you 
must decide whether it shall be that of 
general practice or of practice in the 
field of a going concern. The former is 
more likely to lead to greater adventure 
and breadth of information, but also to 
the itinerant life of the professional hobo, 
so to speak; the second, to a more nor- 
mal though perhaps more restricted life; 
but no man is free. If you select the ad- 
ministrative or operative field, you will 
work with an organization. You may do 
so in the professional field, but every- 
thing will be viewed from the impersonal 
view and demands of the organization. 
Relatively, so few enter the field of inven- 
tion, teaching, and editorial work, attrac- 
tive as they may be, that it is not 


necessary to dwell upon them in this dis- 
cussion, 





KEEPING UP WITH THE PROCESSION 


By LEONARD METCALF, ’92 
Little as 


You can well afford to spend the next 
ten years, or thereabouts, in gathering 
breadth of experience, more or less re- 
gardless of your compensation during 
this period. The broader and deeper the 
foundations which you lay the more like- 
ly your final structure will be to develop 
fine proportions. 

In selecting the individuals or the or- 
ganizations with which you may choose 
to work it will be advantageous for you 
to consider not only the kind of work, but 
the character of the office, the esprit de 
corps, the attitude of the employees, and 
the opportunity for observing the work 
of others, as well as playing your own 
part. You have had sufficient experience 
here in your college athletics to know the 
advantage of team-play. In cold-blooded 
business it is not only advantageous but 
essential to develop it, and the lesson 
taught by The Three Musketeers shows 
clearly the greater pleasure which you 
will get out of life if you lead it with 
the idea of helpfulness to others always 
clearly in mind. 

No man should be ashamed, even with 
the training which you have behind you, 
to begin at the bottom, and every man 
who has been “through the mill’ recog- 
nizes the strength which comes from 
having carried his burden throughout the 
path traveled, and the advantage of oc- 
casionally helping the other fellow with 
his pack. 

In stepping forward from the rear rank 
to the front rank, or from one position 
to another, you will be confronted with 
doubt as to whether it would be wiser to 
go or stay. If every time a doubt enters 
your mind you worry about it, you had 
better stay where you are. But if you 
think that every time it appears you can 
dispel it, you had better go, because you 
will be able to forward and develop both 
yourself and the business. 

When you leave the Institute you will 
not be likely to establish your own office 
immediately, because you have not yet 
had the experience which would make 
this advantageous, but I wish to point the 
way, and to tell you a little about the 
general administrative problem as expe- 
rience has shown it to men who have suc- 
ceeded. 

There are two general methods of ad- 
ministration, one to build up the strong- 
est organization that you can, even at 
the risk of being surpassed and elbowed 
out of it by better men; the other, to 
build up an organization of good fellows 
with cramped initiative. 

If you pursue the first course your pos- 
sibilities will be limited only by your 
success in judging and picking your asso- 
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ciates and your staff. You will continue 
to grow and broaden, and you will ex- 
perience the keenest of pleasures, that 
of constant intellectual stimulus. You 
will find opportunity to see more of life 
and nature, through having associates 
strong enough and trained enough to bear 
your load when you are absent. If you 
pursue the second course, your position 
may be safer from the point of view of 
permanency, but your output will be far 
more limited, the esprit de corps of your 
organization probably lower, and you will 
be constantly in danger of nervous wreck 
if your business grows and prospers. The 
leader sees what should be done and 
finds a way. The less successful man 
thinks first ef safety and wonders what 
can be done. 

If you examine organizations you will 
find that they have not grown over night; 
that they are the result of careful 
thought and planning. No mill, no busi- 
ness organization, can double its output 
quickly and maintain its old efficiency. 
The human and psychological factors are 
too important, the necessary checks and 
counter-checks too numerous, the inertia 
of the new idea, the influence of new con- 
ditions and of new environments, are all 
too great. You must know your men as 
well as your machines, and must fit the 
one to the other. — 

What has made the J. P. Morgan or- 
ganization so strong for so many years? 
“Money,” you say. No, far from it,— 
brains. It is the fact that Morgan had 
the shrewdness to see that continuous 
success was to be had only through peri- 
odic revitalization of his organization. 
He was in the favored position of being 
able to meet and judge of the men in the 
banking field. Again and again he drew 
into his firm, new men, the ablest men 
that he could find; men drawn from the 
country to the cities, and often from the 
remote sections to the center of the fi- 
nancial world; men of initiative, of vis- 
ion, of character, and of experience. The 
pace travelled was terrific, the responsi- 
bility which he threw upon them was tre- 
mendous. A decade was perhaps the us- 
ual limit of the individual, and then he 
retired with his stake, a handsome one, 
of course, for the service which he had 
rendered was great, and he was succeed- 
ed by a new partner with fresh incentive 
and power, better attuned to the demands 
of his day, who went ahead under ful! 
steam. No wonder that under such a 
policy J. P. Morgan and Company have 
held their own. 

Study, if you will, one of our most il- 
lustrious groups of men, making up Stone 

(Continued on Page 11) 











THE COLORADO RIVER PROJECT 


By RALPH I. MEEKER 


Irrigation Engineer, Colorado River Project, Denver, Colo. 


The southwestern United States has 
reached the verge of the industrial ro- 
mance of the Colorado River. Seven 
states, Arizona, California, Colorado, Ne- 
vada, New Mexico, Utah, Wyoming, and 
the Republic of Mexico are affected. Sev- 
eral states, the federal government, and 
corporate agencies will probably parti- 
cipate jointly in the harnessing and util- 
ization of a new largely wasted resource. 
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The resources of the Colorado Basin con- 
sist of twenty-one million acre-feet water 
supply, eight million acres of irriga- 
ble land, and hydro-power possibilities 
amounting to six million horse-power. 
Engineers will play a leading part in sub- 
duing this watery snake, whose eroding 
power has cut the most titanic gorge in 
America. 

The development of other resources 
of the Colorado Basin hinges largely on 
the development of its water supply. 
Further utilization of the lower Colorado 
River is dependent upon storage and 
equalization in reservoirs. Water is the 
basic resource of the arid west, the life- 
blood of agriculture, and the chief agent 
for power in the lower Colorado River 
basin. The most arid portion of the 
United States lies in the Colorado River 
basin. Three problems are inter-related 
and will be jointly solved in the Colorado 
River project, viz., flood control, irriga- 
tion, and hydro-electric power. Today 
the Colorado River is famous chiefly for 
its Grand Canyon scenery, or its caprice 
as the “Runaway River” in its deltaic 
outbreak into the Colorado Desert, more 
recently called Imperial Valley. Tomor- 
row this river will be designated as the 
“American Nile’ and the “Niagara of 
the West.” 

The Colorado River Project is a plan 
and an effort to control the Colorado 
River for the benefit of the lower Colo- 
rado River basin, embracing western 
Arizona, southern California, Nevada, 
and the adjacent part of Mexico. It is 
interstate in character and basin-wide 
in effect. The future water supply of 
seven states is affected, and federal, 
state and international interests are in- 





volved. The project is the outgrowth 
and development of ten years of engin- 
eering investigations and study of physi- 
cal facts and legal relations, of merging 
diverse interests and combining flood 
control, irrigation, and power needs into 
a comprehensive plan. This project is 
constantly adjusting its plan and extent 
to new physical facts. In magnitude it 
contemplates the reclamation by irriga- 
tion of all commercially feasible areas in 
the lower Colorado Basin, 1,400,000 
acres; it will provide major flood pro- 
tection to over 600,000 acres of irrigated 
land in the Colorado Delta and Imperial 
Valley, and hydro-electric power to ag: 
ricultural and mining communities in 
California, Arizona, and Nevada. Elec- 
trification of sections of trans-continen- 
tal railroads is also a probability. 

The Colorado River Project has grown 
out of problems of flood protection and 
irrigation for Imperial Valley (formerly 
the Colorado Desert), California, and ad- 
jacent territory. A brief review of the 
situation is here outlined. 

In June, 1905, the Colorado River at 
flood stages enlarged and eroded an in- 
significant cut in its west bank (a part of 
the canal leading to Imperial Valley) so 
rapidly that the entire river flow was de- 
flected from its deltaic channel and the 
discharge changed from the Gulf of Cal- 
ifornia to the Salton Sea two hundred 
and fifty feet below sea-level. After sev- 
eral efforts and failures to effect a per- 
manent closure covering two years’ time, 
engineering skill finally prevailed, and 
the river was restored to its deltaic 
channels by the Southern Pacific Rail- 
road. The total cost of these efforts ap- 
proximated three million dollars. In the 
fourteen years subsequent an additional 
five million dollars has been expended on 
levees and other works for flood control 
in the vicinity of Yuma, Arizona, and the 
Imperial Valley, Mexico. The river bed 
and delta are rising rapidly from silt 
deposition, and for this reason levees 
will not permanently solve flood control. 
The major feature of flood protection on 
the Colorado River is generally conceded 
by engineers who have studied the prob- 
lem to be reservoir control assisted by 
minor levee construction. Flood control 
is an imperative necessity to the lower 
Colorado River. The flood menace will 
not be entirely removed until the Gila 
River is also regulated by storage reser- 
voirs. 

First engineering investigations for ir- 
rigation and flood protection by reser- 
voir control contemplated primary res- 
ervoir equalization on the headwaters in 
Utah, Wyoming, Colorado, and New Mex: 
ico. These studies were made by en- 


gineers of the United States Reclamation 
Service. 


Other studies were made of the 
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entire basin by the United States Geo- 
logical Survey. In its lower reaches the 
Colorado River carries large volumes of 
silt, approximately one hundred thousand 
acre-feet annually. The silt problem was 
one factor that forced consideration of 
upper basin reservoirs. The _ engineer- 
ing investigations for control of the low- 
er Colorado River have now covered a 
period of over ten years. With study 
the problem has grown in magnitude, 
and it has developed that there are cer- 
tain objections to an attempt at flood 
control on the head-water areas as much 
as a thousand miles distant. None of 
the upper reservoir sites is large enough 
to completely control the river, so that 
a system of head-water reservoirs is re- 
quired. When these facts became 
evident, investigational studies were 
switched from the upper basin to the low- 
er Colorado River. The Boulder Can- 
yon and Glen Canyon reservoir sites are 
the result. Either of these reservoir 
sites is large enough to completely con- 
trol the Colorado River even in years of 
extreme flow. Furthermore, storage ca- 
pacity is sufficiently large so that silt 
storage can be provided, making a long- 
life reservoir. It is, therefore, apparent 
that the problems of flood control, irri- 
gation needs, and hydro-electric energy 
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for the lower Colorado River Basin will 
be worked out along the lower river, 
since storage in large reservoirs is avail- 
able and is the key to complete utiliza- 
tion. However, the main dependable 
water supply for irrigation in western 
Arizona, southern California, and Mex- 
ico must come from up-stream branches 
of the Colorado River in Wyoming, Utah, 
and Colorado. 

California, Arizona, and Nevada have 
no commercial coal deposits of size, and 
must rely on imported coal, or hydro- 

(Continued on Page 20) 











THE CRUISE OF THE YAKABOO 


By FREDERIC A. FENGER, ’09 


Author of “Alone in the Caribbean’’, the ‘“‘“Golden Parrot’’, etc. 


To meet up with a kindred spirit and 
to talk boats with him is a joy closely 
allied to that of the old days when a 
-strong tide raced directly across traffic 
from old Rogers to the Chapel in the 
Brunswick, where one leavened the 
heavy diet of the class room with some’at 
which carried more than one-half of one 
per cent under its foaming crown. But 
to be asked to write boat and to be al- 
lowed to do it about one of one’s own 
creation benumbs’ expression. There 
seems to be no starting place. One has 
to look about for a point of cleavage. 

Well, then, it came about some years 
ago that a certain germ, (literatus vul- 
garis) which an engineering training 
seemed to have no effect in controlling, 
at last asserted itself in a violent fever 
to go somewhere, in some craft, and find 
something to write about. By chance lL 
hit upon the Lesser Antilles as the some- 
where to go and, by deduction, together 
with some previous experience with sail- 
ing canoes, I decided upon the Yakaboo 
as the craft in which I would make my 
cruise for material. Although I have 
been forewarned against indulging in too 
much technique, I believe that to those 
who stop turning these pages upon sight 
of the jaunty outboard of the Yakaboo, 
a bit of intimate description may not be 
at all amiss. 

My problem was unique. Between the 
islands which run up in a uniform arc 
from Trinidad to Saba, the Atlantic rolls 
into the Caribbean with swift currents 
and heavy seas. My canoe must not 
only be seaworthy, but she must also 
be able to eat her way to windward 
against the northeast trades which often 
approach half a gale in strength. Under 
the lee of the islands I would encounter 
calms, and as I was going alone and 


did not wish to confine my wanderings to 
harbor-to-harbor jumps, I should have 
to make her not only small enough to 
paddle or row with a minimum expendi- 
ture of effort, but also light enough so 
that I could drag her high and dry upon 
the beaches. 

The West Indian pilot had given me 
my facts and, taking my figures from 
previous cruises, I added the weight of 
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That’s what Tech men are doing 
during working hours. 
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Mr. Fenger tells 
us what one of them does. 

In the February, 1921, issue, the 
TECH ENGINEERING NEWS pub- 
lished an article on the vocations of 
Tech men. Following out this idea, 
it will, from time to time, publish 
articles on their avocations,—Editor. 





my outfit, that of myself in pants and 
shirt, the half of my food supply, and 
the probable weight of the canoe and 
found that the average displacement 
would be 475 pounds. I need go into lit- 
tle detail as to her lines other than to 
say that the canoe was so designed that 
she might ride on a short sea with her 
ends free and yet keep her deck above 
water. In order to reduce bodily fatigue 
of the long channel runs, she was made 
beamier than the usual sailing canoe and 
so the double paddle was dispensed with 
and a pair of short oars used instead, 
with rowlocks mounted on removable 
chocks that could be bolted on deck. 
Her ends were pulled out over the water 
to give her a quick lift through the on- 
coming seas. She was seventeen feet 
over all, with a beam of thirty-nine inch- 
es, and when loaded drew from five to 
six inches. Decked and planked with 
one-fourth-inch mahogany and Spanish 
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Her sails 
(about eighty square feet) and spars 
added twenty-five pounds. 

The outstanding feature of her design 
was the absence of the rudder with its 
attendant gear, the steering being done 


cedar, she weighed 147 lbs. 


entirely with the main-sheet. To accom- 
plish this, the centerboard was designed 
with three sets of sheaves on which it 
travelled fore and aft in the well. The 
position once found, where the center 
of lateral resistance balanced the center 
of effort of the sails (when close hauled), 
the board need not be moved for sailing 
on the other points of the wind, and the 
sheets once trimmed the handling was 
done entirely with the main-sheet. If a 
sea forced off her bow, the sheet was 
eased a bit and the mizzen drove the 
canoe on her course again. With the 
ends cut away as they were and the 
absence of any deadwood aft, the canoe 
was very sensitive and pivoted quickly 
on her board—a sterling virtue when 
dodging a hoary “grandfather.” Only 
an inch or two in movement of the main- 
sheet were required—the wind was never 
spilled from the sails—and one soon ac- 
quired the instinct of holding the canoe 
to within a quarter of a point of her 
course in an ordinary wind and sea. To 
come about, the main-sheet was let go, 
the slack of the mizzen taken up, and 
as the canoe drove into the wind’s eye 
the mains’l was backed to fetch her on 
the opposite tack. 


In squally weather the canoe ate into 
the wind in a series of “pilot’s luffs,” so 
that in a moderate sea with no current 
she would more than overcome her lee- 
way. On a long run with the wind on 
the quarter or astern, the board was 
moved aft. When sailing before the 
wind, there being no shrouds, the sails 
were set wing-and-wing about ten de- 
grees forward of the perpendicular to 
the keel, spilling the wind off the leech- 
es, and thus with the main-sheet made 
fast the canoe would steer herself so 
long as she was held on an even keel. 
In fact, the Yakaboo almost steered her- 
self when close hauled, and in heavy 
weather under jib and reefed mizzen, 
she would hold her course indefinitely 
without any attention on the part of her 
crew. At such a time I would sit to 
windward with my feet under the lee 
coaming and shift an appreciable portion 
of the edible ballast from the ca- 
noe’s hold to my own, thus tending to 
increase my leverage. One of the many 
advantages of this rudderless canoe was 
that with the mizzen trimmed flat and 
the main and jib stowed, she would 
heave to of her own accord into the 
wind’s eye and make her sternway with- 
out throwing the bow from tack to tack. 
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For five months she was my home 
while I cruised northward from Grenada 
to St. Thomas. Some of those days were 
the most strenuous, both physically and 
mentally, that I have ever experienced. 
After an exciting channel run of say 
thirty miles in open water there was 
the camp to make on the beach and a 
substantial meal to be cooked. This 
done, there were notes to be written and 
more often than not, films to be de- 
veloped; for in the tropics, and especial- 
ly along the heated beaches under the 
lee of the islands, a pack of films once 
removed from its sealed tin must be 
quickly exposed and as quickly devel- 
oped to prevent spoiling from both mois- 
ture and heat. I could rarely obtain ice 
with which to reduce the temperature 
of my developer below the frilling point, 
and had any one visited my lonely beach 
camps in the early hours of the night, he 
would most probably have discovered me 
standing well clear of tent and canoe, 
swinging the developing tank wrapped 
in a wet towel, at the end of my long 
painter to obtain rapid evaporation. 
Thus my exercises varied from those of 
a marine acrobat to rowing, dragging 
the canoe up the beach, and giving an 
imitation of Fred Stone—but without 
the audience. At. St. Vincent and Mar- 
tinique there was a bit of climbing in 
the ascent of the volcanoes, Soufriére 
and Pelée, which erupted simultaneous- 
ly (they lie some hundred miles apart) 
when St. Pierre was destroyed in 1902. 
At times in a sheltered cove, or even on 
the beach, I slept in the cockpit, and 
on one occasion I spent twenty-one hours 
in the Yakaboo without setting foot on 
shore, eleven and a half of them sailing 
and rowing. My longest open-water 
jump was from Guadeloupe to Montser- 
rat—thirty-eight miles from beach to 
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beach—during which the average speed 
had been seven miles an hour in a rising 
wind and sea. The last nine miles of 
this run—with the wind abaft—had been 
covered in one hour with only fifty feet 
of sail up. Close hauled, in the lower or 
Windward Islands, the canoe had aver- 





ON THE BEACH READY TO BE LOADED 


This gives a good idea of the peculiar yet 
seaworthy construction of the Yakaboo. 


aged five miles an hour in a heavy wind 
and sea. 

There were many diversions. At one 
small island in the Grenadines I stopped 
for three weeks to go whaling with the 
natives who harpoon the “humpback” 
from crude ballasted boats modeled after 
our New Bedford craft. At the north 
end of St. Vincent I visited the last in- 
tact survivors of the Caribs who peopled 
these islands at the time they were be- 
ing discovered by Columbus. At Redon- 
da, which Barbot described as being “a 
very round island, every way perpen- 
dicular so that there seemed to be no 
getting up into it without ladders,” I 
was hoisted to the top in a _ bucket, 
where I spent the night with the keep- 
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ers while the Yakaboo hobnobbed with a 
mooring ten times her size. At the lit- 
tle Dutch island of St. Eustatius, I heard 
how she had given the first foreign sa- 
lute to the American flag, and at her 
smaller sister, Saba, the Yakaboo en- 
joyed the unique experience of being 
carried up one side of the island, eight 
hundred feet, to the town of Bottom, and 
later down the other side so that one 
might say that she was amphibious as 
well as ex-gubernaculous. How we 
plumbers love to tinker with our fliverish 
Latin! 


Although from its very nature the 
Caribbean is far from being the ideal 
water for canoeing and camping, the 
Yakaboo proved a success in that she 
enabled me to run the gamut of the 
channels and yet could take me to those 
out of the way places which are rarely 
visited even by the white men of the 
islands themselves. From the designer’s 
view point, her performance could not 
have been much bettered, but although 
she had been beautifully constructed by 
one of the best canoe builders in the 
country, the extreme heat was enough to 
cause considerable trouble from leaking 
seams which were not conquered until 
the latter part of the cruise. Another 
time I should use a lighter planking cov- 
ered with closely woven duck carefully 
painted with many thin coats. Although 
the initial weight of the canoe would be 
increased, this increase would not equal 
the weight of water taken up by the ex- 
posed planking, together with that car- 
ried under her floors through leakage. 

Another time—perhaps that is why I 
am sitting here on eight acres of stone- 
walled farm, cultivating that germ (liter- 
atus vulgaris) for what crops it may bear 
—so that there will be another time. 
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and Webster and its allied enterprises. 
I remember them when they were three 
young engineers just getting a foothold, 
who had the vision to see that there was 
a gap between the investor and certain 
public needs, which they could bridge. 
The bridge which they designed and built 
was strong, economical, and well adapted 
to the traffic. It inspired public confi- 
dence and as the loads which it was 
called upon to support grew, they stif- 
fened the flow, then the girders, then re- 
built the structure again and again, to 
carry the increasing loads and to keep it 
well adapted to its work. They, too, 
studied their problem; they anticipated 
the conditions before they were faced 
with them. They did not wait for fail- 
ure. So they have made a record of 
which any man might be proud. 


(Continued from Page 8) 


Let me contrast for you two examples 
of the effect of difference in point of 
view with regard to administrative or- 
ganization methods already referred to. 
One, of the man who calls to his aid the 
strongest men that he can find, who stud- 
ies his problem as one of research, who 
is beloved and respected by his fellow 
men, and who has made a wonderful 
record in the civil and mechanical engin- 
eering and in the insurance fields; the 
other, of a man who kept his knowledge 
to himself, surrounded himself with a 
loyal group of employees, rather than 
with associates, and who also left a rec- 
ord of splendid engineering service, but 
not of an organization which could carry 
on his work after he was gone. Each 
a producer, each a master of his subject, 
but with this striking difference, that the 


first became a leader of men, generous, 
to his confreres and assistants, sought by 
the younger as well as by the older men; 
the second, isolated, bitter, unrecognized, 
and unsought by his professional broth- 
ers. 

The first may be known to you—John 
R. Freeman of the Class of ’76—President 
of the largest group of Manufacturers’ 
Mutual Fire Insurance Companies, con- 
sulting engineer on the Charles River 
Dam of the Metropolitan Water Board of 
Boston, on the Greater Water Supply of 
New York City, on the Hetch-Hetchy 
project of the City of San Francisco, on 
the rebuilding of the Grand Canal and 
control of floods on certain of the large 
rivers of China, and on many other proj- 
ects; a past President of the American 

(Continued on Page 28) 











Tech Man Designed Muscle Shoals.— 
Oscar Thurlow, ’07 was one of the prin- 
cipal designers and engineers who were 
connected with the great Muscle Shoals 
nitrate project near Florence, Alabama, 
on the Tennessee River. Mr. Thurlow 
was born in Newburyport, Mass., and 
after graduating from the public schools 
there, came to M. I. T. in the fall of 1900. 
His first job was assisting in the construc- 
tion of a bridge over the Connecticut 
River at East Chicopee. Later he super: 
vised the building of the East First 
Street Tunnel in Washington, where his 
work attracted such favorable attention 
that he was called upon to design a large 
filtration plant in Pittsburgh. Subse- 
quently, he became attached to the New 
York State Water Department and assist- 
ed in constructing the Ashokan and Ken- 

-sico dams and the aqueduct which sup- 
plies New York City. He entered the 
employ of the Alabama Power Company 
in 1912, where he has supervised much 
of their construction work and is at pres- 
ent guiding the erection of a nine million 
dollar plant, which he personally de- 
signed, on the Coosa River. It developed 
during the Congressional hearings on the 
Muscle Shoals that Mr. Thurlow was the 
original designer of the plans which have 
been so far followed in the government 
development there, and that most of the 
construction has been based on his orig- 
inal data and estimates. 


Newsprint Paper from Jack Pine.—At 
a recent meeting of the Canadian Pulp 
and Paper Association, Maurice Neilson 
advocated the use of jack pine instead of 
spruce for the production of newsprint. 
He pointed out that the spruce forests 
of this country are rapidly becoming de- 
pleted, while jack pine not only is plenti- 
ful and cheap, but also attains sufficient 
growth forty years earlier than spruce. 
Mr. Neilson’s firm has recently carried 
out successful experiments with the new 
pulp material under both the sulphite 
and ground wood processes. 


Blast Furnace Design.—An investiga- 
tion of the effect of furnace lines on 
blast furnace operations is being conduct- 
ed by the Bureau of Mines at Minneapo- 
lis, Minn. The blast furnace works on 


the countercurrent principle; the ascend- 
ing gas stream encountering the descend- 
ing raw materials, with a regenerative 
transfer of heat. 

tween gas stream 


Maximum contact be- 
and raw materials 








produces most rapid heat transfer and 
reduction of the ore. The degree of con- 
tact between gas stream and solid charge 
depends to a very large extent upon the 
size and shape of the furnace. About 
two hundred furnaces are relined each 
year, most of the new lines being copies 
of previous unsatisfactory ones. The 
furnace designer, lacking practical rules 
governing the best shape of furnace, pre- 
fers to stick to known troubles rather 
than accept the risk of a new design. An 
investigation in the laboratory and in the 
experimental furnace is being carried on 
by the Bureau of Mines with the hope of 
discovering some fundamental principles 
which may be of use to the furnace de- 
signer. 

Another investigation being conducted 
relates to»the effect of physical character- 
istics of the charge on blast furnace op- 
eration. Probably the greatest cause of 
the fundamental inefficiency of the blast 
furnace considered thermally as a fur- 
nace is due to the enormous disparity 
between the sizes of the particles of the 
solids charged. The average lump of 
coke has a volume of four hundred to 
eight hundred cubic centimeters and a 
surface exposed to the gas stream of five- 
tenths to one square centimeter per 
gram. The average ore particle, on the 
contrary, has a volume approximately 
0.000005 and would expose a surface of 
about three hundred square centimeters 
per gram to the gas stream if its surface 
were exposed to the gas stream. A study 
is being made of the effect on furnace op- 
eration of a mixture of solid particles 
one-third of which is a hundred million 
times the size of the other two-thirds. 
In a number of cases furnace operators 
have improved furnace efficiency by siz- 
ing the coke charge. There are pros- 
pects of being able to continue such 
work on the sizing, not only of the coke 
but of the ore. 

Opportunities for obtaining rather com- 
plete data on coking conditions and co- 
ordinate information concerning’ the 
performance of the coke in the blast fur- 
nace are particularly good at this plant. 
Variations in the quality of the coke in 
commercial practice are sufficiently great 
to promise valuable data without institut- 
ing special coking conditions. Furnace 
irregularities from other causes probably 
will be difficult to eliminate. Chances of 
a successful study of data at this plant 
are better than at the majority of plants, 
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due to the simple and direct means there 
employed for the transfer of coke from 
the ovens to the furnace. In most plants 
the identity of individual coke heats is 
lost in transfer and storage of the coke. 


A Natural Steam Plant in California 
may prove feasible if investigations being 
carried on at The Geysers, seventy-five 
miles north of San Francisco, confirm 
the reports. Steam with a temperature 
of 350° F. has been found at a depth of 
only seventy-five feet over an area about 
one-half mile square. Consequently, an 
installation similar to the Larderello 
plant in Italy, where turbines are run by 
underground heat, is proposed. If war- 
ranted, it is planned to develop eventual- 
ly, perhaps, 20,000 K. W., and also to re- 
cover valuable chemical products from 
the subterranean steam. 


Work Resumed on Tugaloo River Plant. 
The hydro-electric power development 
of the Georgia Railway and Power Com- 
pany on the Tallulah and Tugaloo Rivers 
will now be completed, as construction 
work is to be resumed shortly after a 
lapse of some three years caused by war- 
time conditions. The development was 
started about three years ago. At that 
time the water-wheels and electric equip- 
ment were ordered, and most of this 
equipment is now installed or ready for 
shipment, 

The dam will be 124 ft. high, 130 ft. 
thick at the base, and 850 ft. long at the 
top. The plant will be equipped with 
four 22,000-hp. water-wheels driving ver- 
tical 6,600-volt generators. There will 
also be an auxiliary unit of 1,000 hp. for 
plant use. Power will be transmitted to 
Atlanta and other points at 110,000 volts. 


Twenty-Ton Truck Improves Roads.— 
A twenty-ton truck which improves every 
gravel road which it passes over is the 
recent contribution of a Detroit firm. 
The truck is of the semi-tractor type, the 
rear end being supported by four wheels 
in line, giving a total load-bearing sur- 
face of forty-eight inches, and allows a 
load disposition of about eight hundred 
pounds to the square inch. As attached 
to the truck the load is distributed over 
six wheels, more than eight feet between 
centers, so that the trailer may be taken 
over any modern bridge without produc- 
ing undue stresses. It is claimed that on 
soft roads the broad tires consolidate the 
surface without breaking down the sub- 
grade. 
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Gum-Forming in Gasoline.—A new in- 
vestigation being undertaken by the Bu- 
reau of Mines at its Pittsburgh, Pa., 
Experiment Station, has as its object the 
determination of the cause of gum for- 
mation in gasoline in storage. M. B. 
Cooke, assistant refinery engineer, has 
been assigned to the investigation, which 
may require two years’ time. 


Man-Made Lightning.—Nature looked 
idly on the other day while man-made 
lightning worked destruction. 


An indoor thunder storm was produced 
and controlled by man. Lightning with- 
out thunder clouds, but lightning, never- 
theless, flashed forth for an inconceiv- 
able instant of time, caused damage, and 
vanished. 

It splintered a large block of wood, 
scattering the pieces twenty-five feet in 
all directions. It struck the limb of a 
tree and shattered it completely. Some 
of the fragments were hurled half way 
across the room. 


This laboratory lightning did every- 
thing that Nature’s lightning does, be- 
haved the same way, had the same char- 
acteristics—on a smaller scale, of course. 
But Nature had no hand in it. She was 
literally ‘“‘on the outside looking in.” 


A student of lightning, Dr. Charles P. 
Steinmetz, chief consulting engineer of 
the General Electric Company, and his 
laboratory co-workers, J. L. R. Hayden 
and N. A. Lougee, have recently complet- 
ed two years of experiments by produc- 
ing the artificial lightning just described. 
In their laboratory at Schenectady, N. 
Y., they have constructed an actual light- 
ning generator, with which they are test- 
ing lightning arresters in a more satis- 
factory manner that has ever before been 
possible. These tests are already show- 
ing how lightning arresters can be made 
more efficient. 

Their lightning generator does ingen- 
iously just what the thunder cloud in the 
sky does during an electrical storm. It 
slowly generates electrical energy, stor- 
ing it up gradually, until an overcharged 
condition is reached. Then, in a flash, 
the stored energy is discharged, and any- 
thing that is in its path is “struck by 
lightning.” 

The artificial lightning represents, 
while it lasts, more than a million horse- 
power. The estimated horsepower of a 
natural lightning flash is given as five 
hundred million horsepower The mil- 
lion horsepower of the man-made light- 
ning, like the five hundred million horse- 
power in nature’s lightning, would not be 
very useful for practical purposes, be- 
cause it lasts such a brief instant. It 
lasts about a hundred-thousandth of a 
second. 

The generator consists essentially of a 
high voltage condenser of large capacity 
in the form of two hundred large glass 
plates. These are arranged in groups of 
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fifty and in two banks, or rows. The rec- 
tified direct current is stored up in these 
condensers, which are connected up so 
as to be capable of holding 120,000 volts, 

When the tension of the stored-up elec- 
tric energy becomes greater than the 
lightnig generator will hold—and the 
tension which it will hold is 120,000 
volts—or, in the case of natural lightning, 
becomes greater than the thundercloud 
will hold, whatever the amount of ten- 
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sion may be, the discharge takes place. 
The lightning flash is seen, the thunder 
rolls—represented, in the case of the 
lightning generator, by a loud snapping 
sound—and the bolt strikes. 

“In our lightning generator,’ says Dr. 
Steinmetz, “we get a discharge of ten 
thousand amperes, at over a hundred 
thousand volis, that is, a power of over a 
million horsepower, lasting for a hundred- 
thousandth of a second. This gives us 
the explosive, tearing, and shattering ef- 
fects of real lightning, so that, for in- 
stance, a piece of a small tree, exposed to 
the discharge, is mechanically torn to 
pieces by a flash. A piece of wire struck 
by it vanished in dust.” 

Valuable progress can now be made, 
it is predicted, in protecting electrical 
transmission lines and _ safeguarding 
buildings from lightning, since man can 
now make his own lightning and experi- 
ment with it at will. This has already 
been done, as stated, in the testing of 
lightning arresters. Other electrical prod- 
ucts can also be tested for their behavior 
during lightning. 


BOOK REVIEWS 





Elements of Differential and Integral 
Calculus.—By. Wm. S. Hall. Second edi- 
tion, revised. Illustrated, 544x814, 250 pp. 
This book presents a comprehensive and 
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complete course in calculus worthy of 
note. 


Practical Electrical Engineering; Di- 
rect @urrents——By Harry G. Cisin. D. 
Van Nostrand Co., New York. Illustrat- 
ed, 54%x7%, 300 pp. $2.00. 

As its title states, this book does not 
attempt to treat electrical engineering 
from a theoretical standpoint; but rather 
tries to put before the reader in simple 
language the fundamental concepts of the 
science. It is peculiar in that no symbols 
of any kind are used at any place in the 
book. All formulae are expressed in 
words rather than in the time-honored 
algebraic form. 


No derivations of any kind are at- 
tempted and only a knowledge of simple 
arithmetic is necessary for the complete 
understanding of the text. Problems to 
be worked up by the student are not in- 
cluded, but instead of these the author 
has devoted a large amount of space to 
fully worked illustrative problems. A set 
of twenty simple laboratory experiments 
designed to illustrate the ground covered 
are included. 

Taken all in all this is a book which 
should be of immense help to the practi- 
cal electrician and the man of limited 
education who is anxious to improve his 
knowledge of this broad field. The cut- 
ting out of all formulae has taken away 
the terror of the man who has not yet 
been through algebra and the lack of der- 
ivations has made this essentially a book 
for the man who wants to know what will 
happen rather than why it will happen. 


Materials of Construction—By A. P. 
Mills. Second edition, edited by H. W. 
Hayward, ’96. John Wiley and Sons, Inc., 
New York. Illustrated, 6x9. This re- 
vised edition contains several new chap- 
ters which bring the book up to the min- 
ute. There has also been a slight 
rearrangement of the material. 


CONVENTIONS AND MEETINGS 





American Chemical Society—Spring 
meeting at Birmingham, Alabama, April 
3-7. 


American Institute of Electrical Engin- 


eers—Spring Convention at Chicago, 
April 19-21. 
American Electro-chemical Society— 


Spring meeting at Baltimore, April 27, 
28, 29. 


American Society of Mechanical Engin- 
eers—Spring meeting at Atlanta, Georgia, 
May 8-11. 


National Foreign Trade Convention— 
Ninth annual meeting at Philadelphia, 
May 10-12. 


National Electric Light Association— 
Annual convention at Atlantic City, May 
15-20. 
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CONTINUAMUS 





With this issue we, of the Managing 
Board of Volume III, assume the mantle 
which our predecessors have laid upon 
our shoulders. We feel it appropriate at 
this time to say a word about the work. 

When they took charge last April, THE 
TECH ENGINEERING NEWS was still 
virtually in the experimental stage. 
Through its first year it had been fos- 
tered by The Tech, and whether it could 
survive alone was a question. By their 
determined policy and hard work they 
put it on a firm basis and handed it to 
us a live and growing organism. It is 
our aim to present to our readers each 
month a better, broader paper and to make 
THE TECH ENGINEERING NEWS even 
more firmly an essential part of the 
Institute. 


THE VITAL QUESTION 





“After the Institute, what? Have you 
really thought seriously of that subject, 
or are you only drifting?” 

Thus does a successful Technology 
graduate challenge the Course II seniors, 
in an address delivered before them and 
reproduced elsewhere in this issue. Mr. 
Leonard Metcalf of the class of ’92 has 
made a record of high personal integrity 
and attainment in the engineering world, 
and THE TECH ENGINEERING NEWS 
is fortunate in being able to offer an ab- 
stract of his recent address to those 
who were not present at its delivery. 
The challenge in Mr. Metcalf’s opening 
words is not confined to the seniors in 
any one course, nor to the senior class 
as a whole. It is a challenge which 
should strike home to every last man at 
the Institute, regardless of his year, 
course, or nationality. 

Are we making the most of our oppor- 
tunities here at Technology, or are we 
really drifting along from day to day, 
mechanically performing the tasks set 
before us, making slight effort to relate 
the problems of today with those of 
tomorrow? 

It is true that, while in college, hardly 
one man in ten knows what branch of 
engineering or science will claim his 
services in after years. But that is as 
it should be. If our technical colleges 


were to so modify their curricula as to 
prepare men exclusively for one branch 
of industry or for another, they would no 
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longer deserve the name of “college,” 
they would be naught but apprentice 
shops for the industries. 

Most of us enter college directly from 
preparatory school, with little or no prac- 
tical experience to our credit. To us, 
the operation of the great industrial ma- 
chine is as yet an unfathomable mys- 
tery; how, then, are we to know the vo- 
cation for which we are by nature best 
qualified? 

It must be said that there are some 
who have a strong bent, and who are, 
indeed, wise in following that bent. But, 
for most of us, our bent is not so strong- 
ly developed at the start. We may have 
a leaning toward things mechanical, we 
may have been wireless fans in our boy- 
hood days, or may have taken delight in 
dabbling with chemicals. Such hobbies 
indicate at times the future development 
of the individual, but their influence 
should not be taken too seriously. 

No, for the large majority, credit must 
be given for possession of the “engineer- 
ing type of mind,’ the type of mind 
which thinks straight, the type of mind 
which does not seek specialization in a 
narrow field at the expense of breadth of 
vision, but which seeks, rather, a thor- 
ough grounding in the fundamentals, 
leaving the acquisition of practical 
experience to the years immediately fol- 
lowing graduation, when practical ex- 
perience may be most easily and profit- 
ably acquired. It is to this type of mind 
that Mr. Metcalf’s words of advice will 
make their greatest appeal. 

Advice is a cheap commodity, some 
will say. True, but there is more than 
one kind of advice. Advice which car- 
ries the weight of achievement behind it 
comes but seldom, and should be respect- 
ed in consequence. How many of us 
fully realize that the time we spend in 
college is as nothing compared to the 
span of a life time? How many fully ap- 
preciate the fact that attendance in a 
fine engineering school is in itself an in- 
estimable privilege, a privilege that thou- 
sands of less fortunate men would give 
anything to possess? 

In spite of the struggle and the grind, 
our college days are truly the golden 
days of our lives; days that pass only 
too quickly and are gone; days that we 
will look back upon, either with lifelong 
regret at having wasted them, or with 
lifelong satisfaction at having done our 
best to deserve the great opportunities 
that they conferred upon us. 
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PSYCHOLOGY 





Again an old, old question. What is 
wrong with the Technology curriculum? 
Perhaps there is a concise answer to 
this question. That, however, is to be 
seriously doubted. Ask the grateful re- 
cipient of a Vote and he will gladly 
spend a day trying to get under way with 
his answer. Ask a graduate, on the other 
hand, and he will probably tell you at 
once that the big trouble lies in the 
over-emphasis of strictly technical cours- 
es. Why? Because in his own experi- 
ence he has found that the courses which 
have broadened his perspective and lib- 
eralized his interests have been of maxi- 
mum value to him. 

Many suggestions might be made in 
regard to courses which would be desir- 
able at Technology. Nearly every stu- 
dent has his own pet idea on the subject. 
Could a vote be taken at present, how- 
ever, there is one course or group of 
courses which would appear very near the 
head of the list. The time hascome when 
psychology courses at Technology are no 
longer merely desirable, they are a neces- 
sity. The engineer no less than every pro- 
fessional man is working against a tre- 
mendous handicap if his training lacks 
the essentials of this science. Doctors and 
lawyers, business men, in fact, all intel- 
ligent laymen are coming to realize the 
true significance of psychology. The en- 
gineer who is to deal successfully with 
the problems arising in his profession 
must meet all classes and varieties of 
men upon their own ground. No single 
study can help him more than the study 
of this science of human behavior. 

The ability to understand the other fel- 
low thoroughly, to see his world through 
his eyes, to follow his unspoken thought 
as if written on an open page, to be in a 
mob but not of it, except as its guide, to 
step up one plane or down a dozen and 
do it gracefully, to understand and ap- 
preciate hidden motives, the real self 
underlying the superficial exterior, to 
penetrate this veneer to the bedrock of 
human character; in short, the ability 
to be so thoroughly in tune with human 
nature that self-possession ever goes 
hand in hand with mastery of the per- 
plexing situations of life, is an ability to 
be cultivated above all others. 

Psychology in itself, perhaps, falls 
short in giving all this to the student. 
But if its value as a course be minimized, 
still we cannot tackle these problems in- 
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telligently without its help. There can 
be no doubt that such a course would be 
very popular and fully worth while. The 
liberal training demands it, the narrow 
training calls out for it. Why can’t we 
have psychology at Tech? 


AN EIGHTH WONDER 

At approximately the same time that 
John Cabot and his son, Sebastian, were 
seeking the far-famed “northwest pas- 
sage,” an aged Indian chieftain stood 
one morning on a hill overlooking the 
Mystic River, about four miles from its 
mouth. At his feet there burned a fire, 
and in his hands he held a blanket. At 
intervals, he would cover the fire with 
the blanket, and then, removing it, would 
allow the cloud of smoke to ascend into 
the quiet morning air. Throughout the 
surrounding territory, hundreds of his 
tribe beheld the signal, sent abroad to 
the four winds by their aged chieftain. 

It is, perhaps, a far cry from the In- 
dian sending forth his feeble smoke-sum- 
mons to the broadcasting of radiophone 
messages, and yet, what is the one form 
of communication but a reproduction of 
the other, on a vastly magnified scale? 
On the spot where the chief’s fire may 
have sent up its message there now 
stands a tower of steel, carrying the an- 
tennae of a powerful radio broadcasting 
station. This tower is in itself the sym- 
bol of America’s newest of sciences, the 
science of radio telephony. It furnishes 
abundant proof that, contrary to the 
opinion of many of the best lay minds, 
American inventive genius is neither 
dead nor dormant and that, after all, 
there is something new under the sun. 

The radio telephone is with us, and 
the speed of its coming has savored of 
the miraculous. Three years ago, the 
idea of transmitting conversations by ra- 
dio was scarcely more than the dream of 
a few wireless cranks; today, the high 
school boy unfamiliar with the principles 
and operation of radiophone equipment 
is rarely to be found. Stores selling 
nothing but radio apparatus have ap- 
peared in all of our large cities. A Phil- 
adelphia builder announces that hence- 
forth all of his houses will be wired for 
radiophone service. More than 250,000 
receiving sets for the use of amateurs 
have been installed within the last four 
months alone, and modern receiving 
sets exhibit none of the complications so 
characteristic of wireless apparatus a 
few years ago. They are made in inex- 
pensive, self-contained units, and may be 
obtained with loud-speaking amplifiers, 
replacing the ordinary telephone receiv- 
ers. Thus there is no doubt that the con- 
ventional victrola in the corner of every 
American parlor must soon give place to 
a more modern instrument—the “radi- 


ola,” if you will—with an infinitely great- 
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er capacity for entertainment and in- 
struction. 

In fact, speculation as to the future de- 
velopment of the radiophone seems to 
indicate an almost unlimited number of 
possibilities. No more “swinging ’round 
the circle’ for the Presidential candi- 
date; instead, he may sit comfortably at 
home and address an audience ten times 
larger than any which could be gathered 
under one roof. It has been suggested that 
Yale give an extension course in Ameri- 
can history, by means of her “Movie 
History of the American People in One 
Hundred Reels,” supplemented by ap- 
propriately timed lectures on the radio- 
phone. Why, indeed, should we go to 
college at all, when we can “tune in” on 
our favorite professors at will, absorbing 
their choicest bits of wisdom via the 
ether route? “Absent treatment,” with 
a vengeance! 

Turning to the more serious aspects of 
the situation, it is easy to see that the 
movies, as “destroyers of American 
home life,” are soon to receive a power- 
ful setback in the increasing use of the 
radiophone as a source of entertainment. 
No longer will the evening’s pleasure be 
sought outside the home, when by spend- 
ing a quiet evening by the fireside, we 
may yet be regaled with the lecture of 
the hour, news-down-to-the-last-minute, 
market reports, weather forecasts, politi- 
cal speeches, the lilting voice of Galli- 
Curci or the sobbing notes of Kreisler’s 
Stradivarius. 

The saying, “as free as the air we 
breathe,” takes on an added significance 
when we consider the vast wealth of in- 
formation, instruction, and _ entertain- 
ment now passing nightly over our heads, 
unseen, unheard, save by the ever-in- 
creasing band of enthusiasts who have 
possessed themselves of the key to the 
mysteries of the upper air. The radio- 
phone may one day bring the metropolis 
to the rural districts and provide, for the 
townsman and the rural dweller alike, 





equal opportunities for education, cul- 
ture, and refinement. 
“MISTRESS OF THE AIR” 
THE TECH ENGINEERING NEWS 


adds its voice to the chorus demanding 
governmental action as a means of fos- 
tering the development of commercial 
aviation. Before the war, America led in 
quantity as well as quality of flying equip- 
ment; since the armistice the palm has 
gone to Europe, with her well developed 
network of regularly operating air-lines, 
her splendid record of continuous service 
for three years without a single casualty. 
What America now needs is a develop- 
ment commensurate with her size and 
past achievements. 

The western part of the United States 
is a land of “magnificent distances.” 
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Centers of population in the East lie 
in convenient proximity to one another, 
while in the West they are widely scat- 
tered throughout vast areas of compara- 
tively uninhabited land. These west- 
ern cities have long felt the need of some 
means of rapid transportation; aviation 
will supply that want. 

But before aviation can assume its 
rightful place as a means of safe and 
rapid transportation, several things must 
be done. The crying need is for landing 
fields, located as near the business cen- 
ters of our large cities as possible, and 
properly beaconed to provide for night 
flying. Up-to-date meteorological data 
must be made available at all times. 
Licensing of pilots and commercial com- 
panies must come as a matter of course. 
Indeed, an exact analogy may be drawn 
between the possibilities for governmen- 
tal action in this field and the corre- 
sponding services rendered long ago to 
safeguard marine travel. Channels and 
harbors have been marked; every rocky 
coast and jutting promontory bears its 
beacon light; weather forecasts warn 
the mariner of approaching’ storms. 
There is every indication that travel by 
air will soon be as common as travel by 
sea; therefore, the same protective meas- 
ures should be insisted upon. 

In addition to this constructive work 
on the part of the government, there is 
the necessity of educating the public with 
regard to the advantages and pleasures of 
air travel and the relative insignificance 
of the attendant risk. Here there should 
be no trouble; the well-developed ad- 
vertising system of this country has al- 
ways served in the past as an excellent 
medium for the transmission of intelli- 
gence between producer and consumer. 


The airplane today stands in the posi- 
tion occupied fifty years ago by the rail- 
roads. Governmental support is the chief 
requisite to a development which must 
go forward at a tremendous pace as soon 
as that support is forthcoming. American 
capital stands ready; given the neces- 
sary protection and encouragement, that 
capital will soon win back for America 
her title of “mistress of the air.” 





RECOMMENDED ARTICLES 





Use of X-Rays in Examination of Tea- 
tiles, Textile World, February 4, 1922. 
R. Truesdale and C. Hayes. A discussion 
of the theory and method employed in 
the examination of textiles by X-Rays, in 
particular as applied to automobile fab- 
rics. 

The Delaware River Bridge Between 
Philadelphia and Camden, Journal of the 
Franklin Institute, January, 1922. An 
authoritative article by Ralph Modjeski, 
Chief Engineer of the Delaware River 
Bridge Joint Commission. 

Winged Surveyors, Scientific American, 
March, 1922. A description of what aerial 
photography. is doing for industry and 
science. 





DEVELOPMENT OF RESEARCH 


By PROF. HARRY W. TYLER, ’84 


Walker Professor of Mathematics, Massachusetts Institute of Technology 


In dealing so briefly with a subject on 
which volumes might be written, careful 
definitions are essential. What is Re- 
search? The dictionary says, “Endeavor 
to discover facts by scientific study of a 
subject; a course of critical investiga- 
tion.” In what sense has research always 
existed, in what sense is it relatively 
modern, what has been its later history? 
The desire to discover facts is certainly 
as old as the race, or at any rate, as old 
as anything we can call culture. -It is 
the adjectives “scientific” and “critical’’ 
which require our present emphasis and 
attention. It is in the elements connoted 
by these terms that research is distinct- 
ly and characteristically a modern pro- 
duct of man’s intellectual activity. The 
Greek philosophers were keen and criti- 
cal students with an undeveloped tech- 
nique of investigation, reaching their 
highest scientific level in Archimedes—a 
level approached, perhaps, by Roger 
Bacon and Leonardo da Vinci in the 
thirteenth and fourteenth centuries, but 
first surpassed by the great astronomers 
of the sixteenth century, and still more 
notably by the pioneer physicist, Galileo. 

It was these men who, by exertions 
and sacrifices which we can hardly ap- 
preciate, or even conceive, emancipat- 
ed the scientific spirit from its bonds of 
tradition, of theology, of metaphysics, 
ete., and launched it on its illimitable 
course. Among the leading characteris- 
tics of the modern scientific method are: 
first, its freedom; the true research stu- 
dent follows a chosen line of investiga- 
tion without knowing or caring whither 
it may lead him, if only he may discover 
new truth. Second, its thoroughness; 
every source of error must be considered, 
and if possible measured or eliminated. 
Observations must be multiplied, aver- 
aged, and verified. Systematic records 
must be kept and exchanged. Third, its 
specialization; the ramifying mines of 
investigation have grown so deep and so 
intricate that the individual must con- 
fine himself to intensive study of a nar- 
row field or fraction of a field. Fourth, 
its organization; countering the differen- 
tiation of specialization is the integra- 
tion, by the discovery of unexpected 
interrelations between diverse subjects, 
which requires co-operative effort by dis- 
cussion, criticism, and suggestion in 
meetings of learned societies. Fifth, its 
apparatus; which consist of laboratories, 
handbooks, bibliographies and_periodi- 
cals. Sixth, its great generalizations; 
the recognition of natural laws, of evolu- 
tion, and of conservation. 

In so brief a sketch, it is only possible 
to select salient facts about the gradual 
evolution of these fundamental princi- 
ples in recent centuries. In the thirteenth 


century the great pioneer, Roger Bacon, 
says: “There are two modes in which we 
acquire knowledge, argument and experi- 
ment. Argument shuts up the question, 
and makes us shut it up too; but it gives 
no proof, nor does it remove doubt and 
cause the mind to rest in the conscious 
possession of truth, unless the truth is 
discovered by way of experience; e.g., if 
any man who had never seen fire were to 
prove by satisfactory argument that fire 
burns and destroys things, the hearer’s 


“Eureka!”’, thus cried Archimedes 
from his bath. Primitive research you 
may say, but, nevertheless, it is by 
the study and interpretation of sim- 
ilar phenomena that such great strides 
have been made in the development 


of science. Galilleo and his swinging 
chandelier, Newton and his apple, fur- 
nish other striking examples. Profes- 
sor Tyler tells us what the ideas of 
some of the great scientists have been 
concerning research.—Editor. 





mind would not rest satisfied, nor would 
he avoid fire, until by ‘putting his hand 
or some combustible thing into it, he 
proved by actual experiment what the 
argument laid down. In all science ex- 
periment is able to reveal truths quite 
unconnected with the discussion of prin- 
ciples, and with regard to which it is 
useless in the first instance to assign a 
reason. The initial state of mind should 
be readiness to believe; this should 
be followed by experiment; reasoning 
should come last.” It is more than two 
centuries before Leonardo da_ Vinci 
reaches a similar height. ‘Whoever,” 
he says, “appeals to authority applies 
not his intellect, but his memory. While 
Nature begins with the cause and ends 
with the experiment, we must neverthe- 
less pursue the opposite plan, beginning 
with the experiment and by means of 
it investigating the cause. He who 
scorns the certainty of mathematics will 
not be able to silence sophistical theories 
which end only in a war of words.” 
Leonardo’s younger contemporary, Coper- 
nicus, with diffident misgivings justifies 
his revolutionary. astronomical theories 
in the words: “I began to consider the 
mobility of the Earth; and although the 
idea seemed absurd, yet because I knew 
that the liberty had been granted to oth- 
ers before me to postulate all sorts of 
little circles for explaining the pheno- 
mena of the stars, I thought Ialso might 
easily be permitted to try whether by 
postulating some motion of the Earth, 
more reliable conclusions could _ be 
reached regarding the revolution of the 
heavenly bodies, than those of my pre- 
decessors. And so, after postulating 
movements, which, further on in the 
book I ascribe to the Earth, and are sub- 
stituted for the revolution of each star, 
not only do their phenomena follow log- 
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ically therefrom, but the relative posi- 
tions and magnitudes both of the stars 
and all their orbits, and of the heavens 
themselves, become so closely related 
that in none of its parts can anything be 
changed without causing confusion in the 
other parts and in the whole universe.” 

With these pioneers in scientific activ- 
ity freedom of thought begins to stir 
feeble wings; thoroughness and appara- 
tus await Tycho Brahe; of specialization 
and organization there is nothing. 

Higher levels are reached by Galileo 
and Kepler in the sixteenth and seven- 
teenth centuries. With Kepler and Des- 
cartes, scientific imagination attains 
heights, and depths, hardly less amazing. 
Kepler invents an absurd correspond- 
ence between the solar system and the 
geometry of the regular solids; Des- 
cartes, a logical method for the solution 
of all problems. Their real achievements 
are magnificent, but for the time being 
imagination has outrun criticism. 

To Newton are due vast generaliza- 
tions. He finds accumulated by his pre- 
decessors great scores of scientific facts 
awaiting the touch of his co-ordinating 
genius. A minor co-ordination in a spe- 
cial field is the familiar binomial theo- 
rem. Mightier generalizations are the 
infinitesimal calculus and the laws of 
gravitation. Each interpreting a wide 
range of scattered phenomena; each 
serving as a new base for the erection 
of future stately edifices of science. 

In the seventeenth century, scientific 
research becomes _ socialized. Tycho 
Brahe and Galileo had indeed developed 
leadership and inspired associates and 
followers. Descartes and his contem- 
poraries maintained active scientific cor- 
respondence, but real organization is 
first put on a stable basis by the estab- 
lishment of the Accademia dei Lincei in 
1603, the Royal Society in 1662, and the 
French Academy in 1666. Henceforth 
the student predestined for research is 
not left wholly to his own devices. 

The eighteenth century was much 
dominated by certain philosophical ten- 
dencies, culminating on the political side 
in the American and French Revolutions. 
Traditional authority was on the defen- 
sive often in a losing conflict. Priestley, 
Lavoisier, and Dalton were laying sure 
foundations for modern’ chemistry; 
Franklin, Volta, and Galvani were ren- 
dering a similar service for electricity; 
Herschel for astronomy, while Laplace 
was making a monumental application of 
the new calculus in his celestial me- 
chanics. 

The nineteenth century is still too 
close to us for just perspective. Newton 
in the seventeenth had congratulated 

(Continued on Page 24) 
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THE NEW AIRPLANE LAUNCHING CATAPULT 


plane continues along its flight path un- 
restrained. 

As soon as the shot is over, the launch- 
ing car is released from the brake, an- 
other airplane placed aboard, and both 
car and airplane brought back to battery 
position, when all is ready for another 
shot. With a well drilled crew, it is 
possible to get the second shot off in a 
very short time after the first one. 

The limiting factor in catapult design 
is a human equation; how much accelera- 
tion can a carefully selected and trained 
man stand while remaining in possession 
of all of his faculties fully enough to 
pilot an airplane in flight immediately 
afterward? This unknown factor has 
caused the development of catapults to 
be gradual. It is a simple mechanical 
problem to bring any finite mass up to 
any required final velocity, less than in- 
finity, in any assigned distance, since 
the final velocity of any body is equal to 
the square root of the product of the 
distance through which it travels and its 
acceleration; but if the velocity is high 
and the distance short, the acceleration 
must be a large quantity. Therefore, the 
overall length of the catapult will finally 
be determined by the ability of the pilot 
to withstand acceleration. Another fac- 
tor to be considered is the inertia stress 
imparted to all parts of the aircraft dur- 
ing the accelerated run incident to 
launching. To carry this idea to an ex- 
treme for purpose of illustration, suppose 
it was desired to use an acceleration of 
3,200 feet per second. Every part of the 
airplane would tend to remain at rest 
and would require a force of one hundred 
times its weight to keep it from tearing 
loose from the rest of the airplane struc- 
ture. No plane now built would stand 
anything like such acceleration forces, 
and if one were built capable of with- 
standing them, it would not fly because 
of the excessive weight which would be 
necessary to obtain sufficient strength. 
Fortunately, the accelerations used are 
not of the order of magnitude mentioned 
above, but they are sufficient to ne- 
cessitate careful consideration of and 
strengthening up of certain members of 
the airplane so that they may withstand 
the stresses which théy are called upon 
to bear during launching. It will be seen 
that this introduces still another factor 
into the design of aircraft. If we make 
the structure heavy enough to stand high 
accelerations, we will sacrifice perform- 
ance. The ultimate result will be some 
compromise between extremely high ac- 
celeration and extremely great weight. 

The effect on the pilot of being 
launched from a catapult, providing the 
acceleration is not excessive, is not in 
the least unpleasant. The head and body 
are forced back against the head rest 





(Continued from Page 5) 


and back of the seat, but the time inter- 
val during which this force is operative is 
so slight that it is hardly noticed; in 
fact, the cessation of sensation which is 
experienced immediately after the plane 
is released from the catapult is much 
more noticeable than the conditions ob- 
taining during the acceleration; and 
even this more or less startling sensation 
is diminished by successive experiences 
Pilots who have been launched from the 
present device have, without exception, 
stated that they would just as soon take 





READY FOR TAKE OFF 


with engine running, in position on 
launching car of catapult. 


Plane, 


off from a catapult as make the usual 
get-away from the water. 


The catapult as it has been developed 
is a practical piece of mechanism capa- 
ble of being operated an indefinite num- 
ber of times without the necessity of ad- 
justments or repairs. It will soon be 
installed on one of the battleships of the 
Atlantic Fleet, and, in all probability, 
this installation will be followed by sim- 
ilar ones on other vessels. It is not in- 
tended to make the battleship take the 
place of an aircraft carrier, this could 
not be done, but to provide the battle- 
ship with means of protecting itself from 
hostile aircraft, especially when it is op- 
erating singly or away from aircraft 
carriers. The aircraft carrier will carry 
all classes of airplanes, together with 
spare parts, and will afford repair facili- 
ties, whereas the battleship, equipped 
with a catapult, will in all probability 
carry only combat machines which, in 
addition to protecting the mother ship 
from hostile aircraft, will scout and spot 
for it as well. 

The future development of catapults 
will be along the lines of simplification 
and standardization. An effort will be 
made to determine the limit of endurance 
of a pilot to acceleration, and catapults 
will be built with short runs, giving the 
greatest acceleration a pilot can safely 
withstand. 

In the preliminary tests it was neces- 


sary to co-ordinate a number of separate 
mechanisms, each one interdependent 
upon the other, so that the action of each 
occurred at the proper time and with ab- 
solute uniformity. During these tests a 
mass of wooden blocks was used to take 
the place of the airplane, the weight oi 
the blocks being the same as that of the 
airplane. This block was shot repeated- 
ly, going overboard each time, but with- 
out any damage to itself or to the’ cata- 
pult. The two photographs, like good 
patent medicine advertisements, are of 
the “before” and “after” kind. The first 
one shows how closely the airplane fol- 
lows its flight path and that the plane 
is actually flying immediately after its 
release from the catapult. 


Australian Air-Defences.—A rrang e- 
ments are being made by the Australian 
Government, a correspondent of The 
Times states, to establish this year two 
aerial defence bases, in Victoria and New 
South Wales. Developments in this di- 
rection have recently been facilitated by 
the acquisition by the Commonwealth 
Government of 128 aeroplanes of various 
types as a gift from the British Govern- 
ment, 

It is the declared policy of the Austral- 
ian Government to establish aerial de- 
fence bases in all the States of the Com- 
monwealth as finances permit, and with 
this object in view the Victorian base is 
to be constructed so as to form a head- 
quarters for all the State units. Here 
there will be a large depot for equipment 
and stores, and a training school for pi- 
lots, observers, and aerial gunners. 

Plans are also being made to establish 
a seaplane unit at Sydney to work in co- 
operation with the Navy. Nearly all the 
equipment needed for this unit has been 
given by the British Government.— 
Aerial Age. 

Radium Emanation—A problem now 
under investigation at the Rare and Pre- 
cious Metals Station of the Bureau of 
Mines, Reno, Nevada, is the collection of 
radium emanation by a high temperature 
method, to substitute the present cum- 
bersome method from aqueous solution. 
Upon the completion of this work further 
study will be undertaken on the influence 
of radiation on gaseous reactions. The 
spectra of radium emanation, and of 
krypton, and xenon are being studied. 


Utah Water Power.—The Utah Power 
and Light Company is planning extensive 
development of the water power avail- 
able in Yampa River, in Northeastern Col- 
orado, and Green River, in Northeastern 
Utah. These projects, together with the 
Flaming Gorge and Rattlesnake Creek 
projects of the same company, aggregate 
about one million horsepower. 













FACTORY FIRES AND HUMIDITY 


By F. H. HOXIE 
Engineer and Special Inspector, Associated Factory Mutual Fire Insurance Companies, Boston, Mass. 


DEVELOPMENT OF THE INCANDES- 
CENT LAMP 


Several years ago I visited a rubber 
factory where there had been a series of 
fires at the spreaders. The cement used 
was very thin, and mixed with benzole. 
The weather was cold, the atmosphere 
was therefore dry. The foreman of the 
spreader room had dry skin and there- 
fore could not hold an electric charge 
for a long time, as he did not give out 
moisture enough to humidify the air lo- 
cally about his body. Whenever he 
brought his hand near the spread fabric 
on a cold day, a spark jumped from his 
fingers and frequently caused a fire. He 
was unaware of the spark or the atmos- 
pheric condition which caused it, but 
he was quite sure that fires were follow- 
ing him about in a mysterious manner, 
and by the time of my visit this knowl- 
edge had brought him to an unpleasant 
nervous condition. He had tried all com- 
mon remedies, such as working with all 
doors and windows open, and removing a 
part of the galvanized iron roof of the 
spreader building to secure the best pos- 
sible ventilation. While this removed 
some of the combustible vapors, it also 
removed the moisture, making conditions 
worse. 


Fires, as well as accidents, are a mat- 
ter of psychology as much as of physics 
and chemistry. Not so many years ago 
all unexplained natural phenomena were 
attributed to supernatural causes. Witch- 
es having cast a spell upon a milk pan 
caused the milk put into it to sour. The 
presence of bacteria hidden in an inac- 
cessible crevice was unsuspected. 


The thought of being in the control of 
an unknown supernatural power causes 
an unpleasant feeling of helplessness. 
The spreader foreman had such a feel- 
ing. I suggested that some pet-cocks be 
put on the steam radiators, and that they 
be allowed to blow steam into the air. I 
then took a piece of worsted yarn, about 
eighteen inches long, and held it over 
the cloth in front of the spreader knife. 

Before the steam jets were put into 
operation, it pointed rigidly at the charge 
on the fabric coming off the machine. 
When the atmosphere had been mois- 
tened by the steam, the yarn hung limp. 
A wet and dry bulb thermometer was 
then placed in the room and by this in- 
strument the amount of moisture in the 
atmosphere was shown. It was evident 
that when the atmospheric moisture 
dropped much below four grains of water 
per cubic foot of air, a charge appeared 
on the cloth. The uncanny condition was 
removed, that which had been supernat- 
ural became natural, and was brought 
within human control. It could be stud- 
ied, and the conditions which influenced 
it could be observed. The fact that not 


only the moisture in the air, but the 
speed of the spreader had a direct bear- 
ing on the magnitude of the charge, was 
apparent; moreover, cloth passed over 
the spreader with no rubber applied 
could be shown to have an electric 
charge like the cement-treated cloth, but 
in this case no fires resulted as there 
was no combustible solvent present to 
be ignited by the small spark. 


In a paper given to the National Asso- 
ciation of Cotton Manufacturers in Sep- 
tember, 1916, I showed that a consider- 
able number of the cotton picker fires 
follow the atmospheric humidity curve, 
there being more in the winter when the 
atmosphere is dry. This is doubtless 
caused by the greater ease by which very 
dry cotton can be ignited by a small 
spark. Before matches were invented, 
our ancestors took advantage of this 
property in the use of dry cotton, called 
“tinder,” for ignition with the flint and 
steel. Earlier still the Indians made use 
of dried punk wood for ignition by rub- 
bing two pieces of wood together rapidly. 

Three-quarters of the rubber factory 
fires are caused by deficiency in atmos- 
pheric humidity as shown by the fire 
records giving the time of year at which 
they occur. About fifteen per cent of the 
cotton picker fires can be similarly at- 
tributed to this cause. 


Much of the “safety first” literature 
leaves the impression that the chief ob- 
ject of such studies is altruistic and hu- 
manitarian, that virtue must be its own 
reward, but observation will show that 
the careless or ignorant persons who 
cause fires or personal injury, also cause 
loss of dollars far oftener than loss of 
life. 


The study of the smallest details of 
manufacturing operations has become a 
necessity. Safety engineering is not an 
independent branch of social science, but 
is closely associated with efficiency en- 
gineering, and to it the constantly multi- 
plying research laboratories maintained 
by manufacturing establishments contrib- 
ute. The ideas which can serve as a 
profitable starting point for research 
work can frequently be provided by the 
study of obscure causes of common fires 
and accidents, and in establishing the re- 
lation between these causes and the 
amount of goods produced. 

A comparison of fire curves, produc- 
tion curves, humidity curves, tempera- 
ture curves, and curves showing the prev- 
alence of epidemic diseases and 
conditions contributing to the health and 
comfort of the employees, show these fac- 
tors to have a direct bearing on the pro- 
duction of goods. 
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Before Edison’s time several men had 
made incandescent lamps. In _ these, 
light was radiated from carbon rods, 
surrounded by a partial vacuum. These 
lamps burned out almost immediately. 


In 1878 Edison directed his talent to 
the problem. He struggled for weeks 
to find the right sort of material to car- 
bonize into a filament, using bamboo, 
cotton thread, and finally cardboard pa- 
per. With the apparatus then in use 
only a very imperfect vacuum could be 
obtained. He built a superior pump to 
produce the high vacuum requisite for 
his lamp. The wires connecting the fil- 
ament with the current outside would 
break away from the glass, unless they 
expanded at the same rate as the glass. 
He prepared a wire with the proper co- 
efficient of expansion from an alloy of 
platinum and iridium. 

When the first lamp was attached for 
trial on October 21, 1879, the employees 
in the Edison laboratories at Menlo Park, 
N. J., wagered excitedly over the num- 
ber of minutes it would burn before the 
fragile filament broke. It burned forty- 
five hours. Mr. Edison knew that he had 
succeeded. 

Dr. W. D. Coolidge of the General Elec- 
tric Co., in 1910, discovered how to make 
tungsten, that brittlest of all metals, so 
ductile that it could be drawn out into 
filament of a gauge six times finer than 
human hair and tougher than any known 
substance for lamp use. The tungsten 
lamp then replaced the far less efficient 
carbon lamp. 


A few years ago Dr. Irving Langmuir 
discovered that if lamp bulbs were filled 
with argon, one of the most inert gases 
in our atmosphere, the tungsten filament 
would operate at even higher tempera- 
tures with longer life. This resulted in 
the gas-filled lamp which, in various 
forms, is one of the highest products of 
electric lamp makers today. 

Constant research has given man a 
better and better lamp; so that the most 
modern ones among the more than four 
hundred million which glow every twen- 
ty-four hours all around the world, are 
giving eight times as much light for a 
given input of current as Mr. Edison’s 
original lamps. Moreover, the cost of 
lighting in 1919 was three per cent of the 
cost in 1881. 


The Institute of Radio Engineers— 
Meeting in New York in the Engineering 
Societies Building, 29 West 39th St., at 
8:15 P. M., April 5. 
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One team everybody 
can make 


FTER the big game, if you don’t need a box of voice 
lozenges there’s something wrong. A hoarse voice is 
evidence that you were covering your position on the bleachers. 
The harder the game the harder it ought to be to talk 
afterwards. Your “‘Ataboy’’ and “‘Line it out?’ buck up a 
fagged nine—and so your shouts give you the right to rejoice 
in the victory, because they helped win it. 

This spectacle of a grandstand full of men fighting for 
their team is one aspect of a very splendid sentiment— 
college spirit. 

When you show college spirit you are doing a fine thing 
for your college, a fine thing for the men around you, but a 
finer thing for yourself. You are developing a quality which, 
if carried into the business world, will help you to success. 

The same spirit which keeps you cheering through a rainy 
afternoon will in after life keep you up all night to put 










Published in through a rush job for the boss. 
the interest of Elec- The same spirit which makes you stand by your teams 
trical Development by through thick and thin will find you loyal to your shop or 






an Institution that will office, always ready with a shoulder to the wheel—even if it 
) be helped by what- isn’t your own particular wheel—giving suggestion and active 
ever helps the help and a word of good cheer, once again earning your 
right to rejoice in the victory. 
In businessasin college make it a good, snappy ‘“Yea, team !?? 
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COLORADO PROJECT 
(Continued from Page 9) 


electric energy for power. Southern Cal- 
ifornia growth has been phenomenal. 
Oils and local hydro-electric project pos- 
sibilities of that area will be largely ab- 
sorbed close to the point of develop- 
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ment, so that the delta area must look 
to the Colorado River as a logical and 
chief source of power. This is also true 
of Arizona and Nevada; consequently, 
the Colorado River Project now contem- 
plates river control by one reservoir, or 
a couplet of reservoirs, with flood con- 


Approximately 1500 people are killed in the United States each year by falls. The 
economic waste from this source is over $140,000,000. 


About one-third of the ‘‘Falls’’ are preventable by the use of safety treads. 
The selection of the type of Safety Tread is important. 


Treads with a series of grooves parallel to the nosing edge, that are porous, that 
corrode readily, that have names falsely giving the impression of safety features not 


possessed, should be avoided. 


Be suré the Safety Tread YOU adopt is SAFE; that it is not a germ incubator, 
absorbent, easily stained; that it has no eye-confusing and heel-catching grooves; 
and that it does not deteriorate on account of corrosion. 


Consider FERALUN and BRONZALUN treads. 


American Abrasive Metals Co. 
50 CHURCH STREET, NEW YORK CITY 
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The Acme of Success 


Lies not alone in the quality of the 
work performed but also in the Service 


rendered. 


For all good work bears in propor- 
tion to its quality an equal amount of 
Service and that Service is based upon 


a desire to serve. 


Since the establishment of our busi- 
ness, we have constantly given Service 
from the largest to the smallest detail, 
catering to the needs and requirements 
of our customers’ work in every way. 


Our publication work speaks for it- 
self and we take pride in our efforts 
to serve colleges with their printing 


needs. 


We Specialize in College Publications 


Massachusetts 
Linotyping Corporation 


167 Oliver Street, 


Boston, Mass. 
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trol, irrigation, and power all fused into 
one scheme. One proposed plan is to use 
the Glen Canyon Reservoir site for major 
river control with the Boulder Canyon 
Reservoir as a unit for secondary river 
control and power development. 


Fifty million dollars, the estimated 
cost of the Boulder Canyon dam, is so 
great that lands and communities requir- 
ing immediate irrigation water and flood 
control cannot stand such a cost alone, 
and, accordingly, the pressure of need for 
power affords a means of financing, and 
compels the inclusion of power to make 
the project economically feasible. The 
project now has three phases, and the 
last partnership, power, will probably 
stand about eighty-five per cent of the 
initial cost of any reservoir constructed. 

The Colorado River Project is essen- 
tially a lower river development of direct 
benefit to California, Arizona, Old Mex- 
ico, and Nevada. The proposed reser- 
voirs are of such magnitude, however, 
that they affect the entire unused water 
resources of the basin. The enormous 
water use for the lower Colorado River 
becomes an interstate water problem be- 
cause the water supply is furnished 
chiefly by the upper states of Colorado, 
Utah, and Wyoming. In other words, 
there are also large areas of arable lands 
economically feasible of irrigation in 
the upper part of the basin requiring 
water. Development of irrigable lands 


(Continued on Page 22) 


Good Equipment is Worthless 
Without Good Lubrication 


‘THE efficiency of machinery can never be greater than 
the efficiency of its lubrication. 

Lubricants which hurry equipment to the scrap pile— 
lubricants which require constant attention and application— 
lubricants whose continual dripping spells undue waste and 
fire risk are not efficient. 

Cutting out waste and increasing output are the big prob- 
lems of the present day. Proper lubrication solves both 
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GREASE 


THE MASTER LUBRICANT 





is the proper lubricant. 

It’s saving time, labor, equipment and money in many of 
America’s greatest industrial plants. Its density is unaffect- 
ed by extremes of heat and cold. It is insoluble in water 
and impervious to outside chemical attacks. 

Write for our new booklet—‘‘Ten Good Reasons for Us- 
ing Keystone Grease.” 


Keystone Lubricating Co. 


Executive Office and Works: PHILADELPHIA, PA., U.S. A. 
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Prisoners of the Roman victories—slaves of 
the Emperor Claudius—were set to the 
task of bringing a water supply over 45 
miles of hill and valley to Rome. 


They labored long and in great numbers. 
Energy was measured then by hands and 
by backs to bend to the task; explosives 
were unknown. 

Tools of metals were used to chip the rock 
and cut large grooves around the blocks to 
be excavated, wooden wedges swelled by 
water were used to break out the large 
pieces, fire was used to heat the rock which 
was then cooled and shattered by water. 
But men grew old at the task. The tunnel 
under Monte Salviano, 3% miles long, ten 


Chhe Aqueduct of Gmperor Claudius 





feet by six, took eleven years to complete 
with thirty thousand laborers at work. 


Today, with the aid of Hercules Explosives, 
San Francisco is building the Hetch Hetchy 
aqueduct which will include 69 miles of 
tunnels. An advance of 776 feet in thirty- 
one days was made in one heading of the 
Priest tunnel on this project. 


At this rate, Claudius’ tunnel could be 
driven by a few men with Hercules Explo- 
sives in less than a year. 


A lesson on explosives economy is con- 
tained in our booklet,““Volume vs. Weight”. 
Write for a copy to our Advertising De- 
partment, 942King St., Wilmington. Del. 
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COLORADO PROJECT 

(Continued from Page 20) 
in the upper basin will be slower than in 
the lower basin, and the upper states are 
apprehensive that their future irrigation 
development may be restricted by the 
water demands of such a large reservoi! 
on the lower Colorado. The upper states, 
therefore, insist that in the lower river 
plan allowance be made for their ulti- 
mate water requirements, and guaran- 
tees in writing be given protecting thei) 
future water needs. 

In the earlier years of investigation ol 
the Colorado River, knowledge of irriga 
ble lands and their water requirements 
was limited, and there appeared to be a 
large surplus of water; more intensive 
study has disclosed the fact that the 
acreage of irrigable lands now economi- 
cally feasible of irrigation, or feasible 
in the near future, is sufficient to re- 
quire ultimately the entire river flow. 
This situation has been viewed with in- 
creasing alarm by the various states in 
the Basin. Prospective down-stream wa- 
ter use appears as a menace to the rights 
of the states of origin. Prospective up- 
stream use appears as a depletion of the 
water demands of the lower basin states. 
There are two ends to a telescope, and 
two vantage points in this problem. 

The western states fn arid America in- 
dividually control and administer their 


(Continued on Page 26) 
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“Prompt and Efficient Service in Every Emergency” 


UICK completion of a manufac- 
turing plant requires close co- 
ordination between the design, 

choice, purchase and installation of equip- 
ment and the design and construction 
of buildings. Under stress of war, when 
the Government wished the quickest pos- 
sible action in its arsenal work in this 
country and in France, the Ordnance 
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Department placed with our organiza- 
tion the responsibility for both structures 
and equipment and has expressed entire 
satisfaction with the results. 
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for you, and that we begin when your plans 
for new work are taking shape. 


STONE & WEBSTER 


PITTSBURGH CHICAGO 


“ DETROIT 


! 


Ch 
WEB 


me RT 


ae 
SING HG" 


‘ i 





23 








Even in the most 
highly standardized me- 
chamcal processes re- 
sults are dependent up- 
on the skilful setting of 
tools. 

Printing presses, 
types, and paper are 
nothing but tools—com- 
monly possessed by all 
printers. 

Our work is different 
because it reflects the 
skill of an organization 
deliberately selected and 
carefully trained. 


Perry & Elliott Company 


146 Summer Street 
Boston, Mass. 


THE TECH ENGINEERING NEWS 


A Successful 
Career 


in business depends to a great 
degree upon the forming of proper 
banking connections. 


THE STATE STREET 
TRUST COMPANY 


BOSTON, MASS. 


is a strong, progressive institution 
which welcomes the opportunity 
to put its services at the disposal 
of the successful business men of 
tomorrow. 
Main Office: 
33 State Street 
Mass. Ave. Office: 
Cor. Mass. Ave. and Boylston St. 
Copley Sq. Office: 
581 Boylston Street 


Member Federal Reserve System 


Safe Deposit Vaults at all Three 
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The Murray Printing Company is located at Kendall Square, Cam- 
bridge, in its own modern and commodious building, with a plant 


that is efficient in every detail. 


The firm has been established one- 


quarter of a century and handles the printing of catalogues, periodi- 
cals and technical books. The firm’s list of customers includes many 
large manufacturers and publishing houses of New England. 
Always ready to intelligently co-operate with 
you on your printing requirements. 
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DEVELOPMENT OF RESEARCH 
(Continued from Page 16) 
himself that he could see far by standing 
on the shoulders of giants. What then 
could be impossible to men who were 
able to begin so far in advance of where 
Newton finished, aided by stimulating co- 
operation and not less stimulating rival- 
ry? The answer, in one field or another, 
will be suggested by the names of Adams 
and Leverrier, Faraday and Maxwell, 
Helmholtz and Kelvin, Darwin, Wallace 
and Pasteur, Gibbs and Langley, Bell 
and Edison. It is fitting that our own 
walls should bear so many of these illus- 
trious names, more imperishable even 
than the stones in which they are carved. 


What then of the twentieth century, 
marked already in its first quarter on the 
one hand, by brutal perversion of scien. 
tific research to the wholesale destruc- 
tion of humanity; on the other hand, by 
a new scientific generalization, relativi- 
ty, and a new scientific field, radio- 
activity, comparable in their far-reach- 
ing significance with the greatest in the 
history of science? The new generation 
has a wonderful inheritance from the ac- 
cumulated researches of the past. The 
struggle for freedom has been trium- 
phantly won, resources are abundant, if 
never really adequate. Organization and 
apparatus are ample, sometimes even re- 
dundant. Unfortunately these favorable 
conditions are not world-wide. In former 
European centers of civilization, intel- 
lectual activity has been interrupted or 
paralyzed. It is an inspiring responsi- 
bility for the new scientific generation of 
America. 


RECOMMENDED ARTICLES 
Vulcanization; Past, Present, and Fu- 
ture, The Rubber Age, February 25, 1922. 
A discussion of vulcanization and a re- 
view of its development and the future in 
store for it. 


Fogs and Clouds, Journal of the Frank- 
lin Institute, March, 1922, A wonderfully 
illustrated article on the why’s and where- 
fore’s of fogs and clouds. 
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William Stanley 


—and the Alternating Current Transformer 


There is nothing that compares with elec- 
tricity for the economical transmission of power. 
If a power need develops, and its location is more 
than a few hundred yards from the power house, 
the engineer at once turns to the electricity for 
cheap and reliable transmission. 

To the thousands who are living their lives in 
the earlier days of the Electrical Age, it probably 
seems that this situation must have always 
existed. But actually, there is many a man with 
no gray in his hair can recall the days when 
electric light and power were literally unknown. 

The tremendous electrical transmission sys- 
tems that have been developed during the past 
thirty years owe their existence to the fact that 
they are practically, as well as technically, right. 
They provide cheaper power than would other- 
wise be possible. And the history of low-cost 
power transmission is the history of Alternating 
Current, and especially of the Alternating Cur- 
rent Transformer. For one of the great factors 
in the cost of electrical systems is the cost of con- 
ductors, and the big thing about alternating cur- 
rent is that it makes possible the use of con- 
ductors which are within the cost-limits which 
competitive and economic conditions impose. 

There is no room to discuss all the varied as- 
pects of this question; but it may be said that 
one of the great fundamentals that has led to the 


Westinghouse 


use of alternating current transmission for about 
95% of the electrical systems now in use has been 
its great economy, as compared to other systems, 
in the transmission of power. And the trans- 
former, itself, is the heart of the alternating 
current system. 

It permits a small current, at high voltage, to 
be transformed to a large current at low voltage, 
or vice versa, through the use of simple, immobile 
apparatus, and thus supplies the essential factor 
in electrical transmission. 

William Stanley is remembered because it was 
he who commercially developed transformers of 
high efficiency and satisfactory regulating quali- 
ties. He brought out the first system in which 
the transformers were connected in parallel, 
across a constant-potential system, instead of 
the series operation used by Gaulard and Gibbs. 
The system embodying this principle was put 
into operation at Great Barrington, Mass., on 
March 16, 1886, and has been the standard 
method ever since. 

Thus briefly is recorded the history of an- 
other contribution of the Westinghouse engi- 
neering organization to the electrical art; since 
all the transformers which are made today are 
built upon the same general principles as those 
first constructed to embody William Stanley’s 
inventions. 
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COLORADO PROJECT 

(Continued from Page 22) 
rivers, but here we have a water problem 
so great it is basin-wide in scope, and 
consequently interstate in character. 
Since it affects the water resources of 
seven states, some mutual agreement 
must be made among the various states 
as to their relative rights in the river. 
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The state of Colorado, for example, con- 
tributes sixty per cent of the annual flow 
to the Colorado River; one-third of the 
state is involved, and eighty-five per cent 
of the present unused water supply of 
the state of Colorado originates on the 
western slope of the Continental Divide 
and is tributary to the Colorado River. 
Colorado will ultimately irrigate a larger 
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acreage than any other state in the Col- 
orado River Basin. For these reasons, 
and because Colorado has experienced 
much litigation with lower states over 
water on interstate streams, she insists 
that her future development be properly 
safeguarded as against adverse rights on 
the lower river. Litigation has not suc- 
cessfully settled these interstate water 
problems in other parts of Colorado. In 
the Colorado River Basin water develop- 
ment is in its infancy, and to avoid liti- 
gation and handle a difficult problem in 
a constructive way, Colorado has _ pro- 
posed that the various interested states 
settle their rights to the Colorado River 
by treaty or compact. Provision for such 
method of settlement occurs in the Con- 
stitution of the United States. Three in- 
ternational rivers have been so treated 
by the United States, the Rio Grande 
with the Republic of Mexico, the Milk 
and St. Mary Rivers with the Dominion 
of Canada. 

By proper legislative action the seven 
states interested, and the United States, 
have provided for settlement by compact, 
whereby an equitable apportionment of 
Colorado River water will be made to 
the various states. The Colorado River 
Compact Commission held its first meet- 
ing in Washington, D. C., January 26-30, 
1922; Herbert Hoover, Federal Commis- 
sioner, was elected chairman. Ratifica- 
tion by the interested states and the 
United States is a necessary step in any 
compact or agreement which may be 
reached. The compact commission should 
reach a settlement during the present 
year. It will take over one year to com- 
plete preliminary engineering work, such 
as final borings at the dam-sites for 
depth of bedrock, plans for construction, 
method of financing, etc., so that state 
apportionment of the waters will un- 
doubtedly be settled in advance, and im- 
perative flood control needs will not be 
delayed. Some such settlement should 
be reached in advance of construction 
so that litigation will be avoided in the 
future. It is of special interest to engin- 
eers that the Colorado River Compact 
Commission consists of five engineers 
and three attorneys. 

The two proposed sites—at Boulder 
Canyon and Glen Canyon—have been in- 
vestigated, respectively, by the U. S. 
Reclamation Service and the Southern 
California Edison Power Company, and 
the cost of a reservoir at either place is 
estimated at fifty million dollars. The 
Boulder Canyon Reservoir would be be 
tween Nevada and Arizona, below the 
Virgin River, while the Glen Canyon Res- 
ervoir would be at Lee’s Ferry, Arizona, 
near the Utah-Arizona boundary line. 
The present data shows that the Glen 
Canyon Reservoir would develop more 
power, as it is estimated it could pro- 
duce one million horse-power, while the 
estimate for the Boulder Canyon Reser- 
voir is seven hundred thousand horse- 
power. 
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UP WITH THE PROCESSION 
(Continued from Page 11) 
Society of Mechanical Engineers, and 
at the moment President of the American 
Society of Civil Engineers. He has com- 
manded the confidence of the financial 
world, and is known by engineers as one 
of the ablest of our investigators of spe- 
cial engineering problems. This means 
that he is a master in the field of applied 
science, and knows the importance of the 

financial side of the problem. 
The second is unknown to you and to 
this territory, no longer living, but a very 
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able man in his time, who has left a 
splendid record of engineering service be- 
hind him. The keynote to his adminis- 
trative views was given in the comment 
made one day by him to a fellow engin- 
eer whom he was showing over some of 
his large works, when, after meeting and 
chatting with one of his men, he turned 
to his friend and said: “That man is 
most useful to me. He does exactly as I 
tell him.” He valued the ability to fol- 
low more highly than to initiate. 

What has lain at the root of Freeman’s 
success? Indomitable work, an open and 
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acquisitive mind, character, courteous re- 
lationship with other men, and generous 
recognition of their worth and work. No 
wonder that he is respected by other en- 
gineers. And with the other man, what 
was the cause of his failure to receive 
greater recognition from his professional 
brothers? Professional jealousy and fail- 
ure to stimulate, encourage, and applaud 
the advance of those about or under him, 
and to give credit where credit was due. 

To what was, or is, Carnegie’s, 
Schwab’s, Vail’s, or Stone’s success due? 
It is due to work, to knowledge of men, 
to vision and to character. What then 
can you do to broaden your outlook and 
your prospects as you enter your life 
work? First, get an aim in life, if you 
haven’t one already, and with it a hobby 
to ride; second, study men; third, don’t 
burn your old books, but look upon them 
as friends in time of need, rather get 
more books and study them, that you may 
keep pace with progressive development; 
fourth, keep up with current technical 
literature, particularly in your own field, 
and broaden your field as much as you 
can, follow Roosevelt’s lead in making it 
a point to do a bit of good reading daily, 
to come into contact with a better mind; 
fifth, join and take an active part in 
the proceedings of some professional so- 
ciety—one working in your chosen field 
—to broaden your interest, information 
and acquaintanceship; sixth, interest 
yourself, as far as circumstances will per- 
mit, in public service work, for it will 
give you a new point of view and a wider 
circle of friends and acquaintances hav- 
ing different interests from your own; 
seventh, keep an open acquisitive mind, 
beware of your mental attitude, and let 
it always be constructive and not de- 
structive in its influence—any man can 
criticize, but the percentage who can 
build up and better existing conditions is 
small. 

It has been my good fortune to be more 
or less closely in touch with various tech- 
nical societies in the past, and to know 
their activities and aims. They offer you 
advantages that you cannot afford to ig- 
nore. 

Finally, be sure that you do not over- 
look the effect of personality upon suc- 
cess. In professional, as in commercial 
dealings, personality counts. Men like to 
do business with men whom they like 
and whom they remember because they 
liked and respected them, as well as be- 
cause they recognized their technical at- 
tainments. Luck is rarely a determina- 
tive factor in man’s success. Your future 
will depend upon alertness, steadfastness 
of purpose, hard work, and straight think- 
ing. No influence can make good the lack 
of these. The fact that you have survived 
in the intellectual struggle of the four 
years of this institution is to your credit, 
but you will find that this struggle is but 


(Continued on Page 30) 
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UP WITH THE PROCESSION 

(Continued from Page 28) 
the beginning of a yet greater struggle for 
higher goals commensurate with your 
greater strength. Face the _ struggle, 
then, with an open mind, with determina- 
tion, and with a smile on your face, and 
you will reach your goal. I wish you God- 
speed. 


Electrification of Japanese Railways.— 
More than two thousand miles of Japa- 
nese railways have been designated for 
electrification by the commission having 
this matter in hand, according to the 
Japan Times and Mail. This mileage is 
classified as follows: 1. All sections in 
the suburbs of cities where there is a 
heavy railway traffic, 186 miles. 2. Sec- 
tions of high gradient where there are 
many tunnels and also those where abun- 
dant water power can be utilized, 871 
miles. 3. Sections where shortening of 
the line is required and where water pow- 
er can be utilized, 395 miles. 4. Sections 
where increase of transportation capacity 
and shortening of the line are required, 
295 miles. 5. Sections where available 
water power can be utilized, 265 miles. 
6. Sections where increase of carrying 
capacity is required and where coal can 
be obtained at a low price, 146 miles. 


RECOMMENDED ARTICLE 





Soaring Flight, Its Development and 
Prospects, Aerial Age Weekly, February 
20, 1922. Of especial interest now that 
the Aero Society contemplates building a 
glider. 
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THE DISADVANTAGE OF POOR LIGHTING. 


As thousands of our industrial plants are operating 
to-day with poor lighting and in some cases with extremely 
bad facilities, it would seem that the importance of the 
subject of lighting has not been given the serious consid- 
eration by those responsible for such conditions. 


Poor lighting is one of the most serious handicaps 
under which a manufacturing establisament can operate. 
First of all, poor lighting is the cause of a large number 
of accidents in industrial plants; and it is singular that 
accident reports do not yet properly classify the hazards 
of poor lighting, which in many cases is the primary cause 
of an accident attributed to what is really a secondary 
cause. Safety engineers and other officials who make acci- 
dent reports should always consider the condition of the 
lighting when working up a report of accident causes, for 
it plays an important part in a great many casualties and 
is apt to be overlooked. All accidents due to poor lighting 
are accidents of neglect, and are preventable. The poor 
lighting accident hazard is clearly chargeable to manage- 
ment and not men. It is a difficult matter to make such 
progress with Safety First in a plant which has neglected 
to provide one of the fundamental requirements of accident 
prevention—good lighting. 


Probably no one single factor connected with the 
equipment of a plant so directly affects the efficiency and 
inefficiency as the quality and quantity of the lighting. 
The curtailment of production of all working under the 
disadvantage of poor lighting represents a big loss each 
day; the poorer the lighting the less able is the working 
force to function efficiently. Quality and quantity both 
suffer, representing a preventable loss wholly removable 
by improving the lighting. 


Under poor lighting condition, we cannot expect and 
rarely do we find an orderly, clean factory. Darkened 
places encourage careless habits and workers are often led 
to deposit discarded articles or material which should be 
deposited elsewhere. The eyesight of those who attempt 
to use their eyes continually in insufficient light, below 
nature’s demands, is often affected. Too much light, such 
as is furnished by bright, unprotected lights, is as harm- 
ful as too little illumination; both are fundamentally 
wrong. Nature’s own illuminant, daylight, is unequalled 
for our requirements of lighting. 


The eye is best suited to daylight in the proper 
quantity. Sun glare should be avoided, and in the dark- 
ened hours proper artificial illumination provided. Day- 
light should be utilized to the fullest extent. It is supplied 
free in abundant quantity for our use. Modern invention 
has supplied a means whereby the interior of buildings can 
be lighted by daylight, and all the advantages secured 
which is furnished by good lighting at the smallest cost. 

Industrial buildings should have as much wall space 
as possible devoted to windows fitted with Factrolite Glass, 
which insures the maximum amount of daylight and which 
prevents the direct rays of the sun from passing through 
as it properly diffuses the light. 

If you are interested in the distribution of light 
through Factrolite, we will send you a copy of Laboratory 
Report—“Factrolited.” 
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GAUGE GLASSES 


High and Low Pressure 


The traditions of a century of quality 
manufacture are squarely behind Libbey 
Gauge Glasses—an American product 
worthy the respect of the world. 


Libbey High Pressure Glasses are guar- 
anteed unconditionally to be uniform in 
size, to withstand steam pressures of 400 
pounds, as well as sudden and radical 
changes in temperature; to remain crys- 
tal clear and transparent in service. 


Libbey High Pressure Gauge Glasses have 
passed rigid railroad and other tests even 
more severe with a perfect score. They 
are made with fused ends. 


Libbey Low Pressure Gauge Glasses are 
absolutely uniform in size and of the very 
finest quality; guaranteed to withstand 
pressures up to 200 pounds. 


We welcome inquiries for prices or literature 


THE LIBBEY GLASS MFG. CO.,Toledo, O.,U.S.A. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 







THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY aims to give thorough 
instruction in Civil, Mechanical, Chemical, Mining, Electrical and Sanitary Engineering; 
in Chemistry, Electro-chemistry, Architecture, Physics, Biology and Public Health, Geology, 
Naval Architecture and Engineering Administration. 





























To be admitted to the Institute, the applicant must have attained the age of seventeen 
years and must pass examinations in Algebra, Plane and Solid Geometry, Physics, Trigonom- 
etry, English, French or German. Certificate of preparation in two units of a series of elective 
subjects is also required. The requirement in History may be met by the presentation of a 
school record of certificate grade. A division of these examinations between different exam- 
ination periods is allowed. In general a faithful student who has passed ereditably through 
a good high school, having two years’ study of French and German or three years of French 
or German should be able to pass the Institute examinations. 


Graduates of colleges, and in general all applicants presenting certificates represent- 
ing work done at other colleges, are excused from the usual entrance examinations and from 
any subjects already satisfactorily completed. Records of the College Entrance Examination 
Board, which holds examinations at many points throughout the country and in Europe, are 
also accepted for admission to the Institute. 


Instruction is given by means of lectures and recitations, in connection with appro- 
priate work in the laboratory, drawing-room or field. To this end, extensive laboratories of 
Chemistry, Physics, Biology, Mining, Mechanical Engineering, Applied Mechanics, and the 
Mechanics Arts have been thoroughly equipped, and unusual opportunities for field-work and 
for the examination of existing structures and industries have been secured. The co-operative 
course in Electrical Engineering and that in Chemical Engineering Practice afford an un- 
usual opportunity to combine a technical training with a direct contact with the industries. 


The regular courses are of four years’ duration, and lead to the degree of Bachelor 
of Science. In most courses the work may also be distributed over five years by students who 
prefer to do so. Special students are admitted to work for which they are qualified; and the 
degree of Master of Science, Doctor of Philosophy, and Doctor of Science are given for resi- 
dent study subsequent to graduation. Opportunity for research is offered in all the de- 
partmental laboratories and in the Research Laboratories of Applied Chemistry, Electrical 
Engineering, Industrial Physics and Physical Chemistry. 


The tuition fee, not including breakage in the laboratories, is $300 a year. 


For catalogues and information, address 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE 39, MASS. 
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REG US, PAT OFF 


There Are Profits in the Air 


UT to get these profits you must first make the air do some 


of your work. Air is free for all to use. 


Moving air is an 


all-round power for which, after sixty years of study, we are 
finding new uses constantly. 


Our business is to make the air do your bidding. We make it 
blow hot or cold, dry or moist, in any direction you want it 
to. We dry things with it, convey other things, feed it to your 
fires and make them give out greater heat, force a clean supply 
of it into a room and keep you feeling fresh and energetic. 


How Air Control Kept 
This Factory Running 


A certain large 
manufacturer of 
= hard candy expe- 
rienced great dif- 
ficulty in running 
his plant on wet days. The 
candy would not mould; it 
stuck to the hands of the girls 
who packed it, to the paper 
it was wrapped in, and gener- 
ally raised so much trouble 
that, on days when the humid- 
ity was high, it was less of a 
loss to shut down the plant 
than to try to operate it. 
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Our engineers solved this 


We maintain a large staff 


problem. Today in this candy 
factory every day is an ideal 
working day. 


The factory is as free from 
bad outdoor weather condi- 
tions as it would be if it were 
on another planet. 


of engineers who are 


ready to try to solve your manufacturing prob- 


These men have a 


How Air Cut 
the Cost of 
Lumber 
Production 


Large manufacturers 
of a well-known 
product, who needed 


_so much lumber that 


they had already pur- 
chased their own for- 
est land, used to ship 
the untrimmed, un- 
seasoned wood north 
for seasoning. After 
seasoning it for more 
than a year, they 
would trim it and 
make it into the 
finished products. 


We installed a system whereby 
the lumber is seasoned where 
it is cut. Then it is trimmed 
there. Freight charges are 
saved, because no waste wood 
is shipped north; storage 
charges are reduced, because 
large amounts need not be 
stocked up; and manufactur- 
ing costs are lowered, because 
the raw material is made into 
the finished product in a 
shorter time. 


business, write, phone, or wire for specific in- 


formation. 


State the business you are engaged 


lems by the use of air. 
collection of data to rely upon which took us 
more than sixty years to compile. If you wish to 
know how air has been or can be used in your 


B. 


in. We will send you bulletins which cover the 
uses of air in your business. Or, if you specially 
request, we will have one of our representatives 
visit your plant and go over the problem with you. 


F. STURTEVANT COMPANY 


HYDE PARK, BOSTON, 


MASS. 


STURTEVANT BRANCH OFFICES 


ATLANTA, GA. 
306 Walton Bldg. 
MASS. 
55 “2 Trust Bldg. 
BUFFALO, N. 
100. ‘Bedford Ave. 
CHICAGO, Bie 
0 So. fee St. 
CINCINNATL OH 
610 Fourth Nat’ I a Bldg. 
CLEVELAND, OHIO 
436 Guardian Bldg. 


RETO, 


DALLAS, TEXAS 


3411 Knight St. 


DETROIT, MICH. 


406 Marquette Bldg. 


HARTFORD, CONN 


36 Pearl St. 


KANSAS cITY, MO. 


707 Mutual Bldg. 


LOS ert Bor CALIF. 


Hollingsworth Bldg. 


MINNEAPOLI S, MINN. 


804 Met. Life Bldg. 


NEW YORK, N. Y. 


52 Vanderbilt Ave. 


peceancame PA 


5 No. Third St. 


PITTSBURGH, PA. 


711 Park Bldg. 


ROCHESTER, N. Y. 


1024 Granite Bldg. 


ST. LOUIS, MO. 


2086 Railway Eaepaege Bldg. 
TAH 


SALT LAKE C 


a18 Melintyre Bidg. 


SAN FRANCISCO, CALIF 
‘ag Monadnock Bidg. 
SEATTLE, 


ASH 
105- Wits white Bldg. 
WASHINGTON, 
1006 Loan & Teast ate. 
B. F. STURTEVANT CO 
OF CANADA, L7D.. 


MONTREAL ; 
404 New Birks Bldg 
TORONTO 
210 Lumsden Bldg. 
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Man-Made Lightning 


RANKLIN removed some of the mystery. But 
only recently has science really explained the 
electrical phenomena of the thunderstorm. 


Dr. C. P. Steinmetz expounds this theory. Rain- 
drops retain on their surfaces electrical charges, 
given off by the sun and other incandescent bodies. 
In falling, raindrops combine, but their surfaces do 
not increase in proportion. Hence, the electrical 
pressure grows rapidly, Finally it reaches the limit 
the air can stand and the lightning flash results. 


And now we have artificial lightning. One million 
volts of electricity—approximately one fiftieth of the 
voltage in a lightning flash—have been sent success- 
fully over a transmission line in the General Engineer- 
ing Laboratory of the General Electric Company. 
This is nearly five times the voltage ever before 
placed on a transmission line. 


Much valuable knowledge of high voltage phenom- 
ena—essential for extending long distance trans- 
mission—was acquired from these tests. Engineers 
now see the potential power in remote mountain 
streams serving in industries hundreds of miles away. 


Man-made lightning was the result of ungrudging 
and patient experimentation by the same engineers 
who first sent 15,000 volts over a long distance 
thirty years ago. 


‘Keeping everlastingly at it brings success.” 
It is difficult to forecast what the results of the next 
thirty years may be. 


General@Electric 
General Office C Om p a ny Schenectady, N. Y. 


95-48SHD 
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